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SUMMARY 
Low speed tests have been carried out on a branched annular 
diffuser system having a geometry similar to that employed in some gas 
turbine engine combustion systems. The system comprised a straight 
walled pre-diffuser followed by a sudden area expansion in which the 
flow was divided between two concentric annuli separated by a bluff 
body simulating a combustion chamber. The overall geometric area ratio 
was maintained at 2.0 and all tests were carried out with fully developed 
flow at inlet. The design flow split between the outer and inner annuli 
was 2.15:1. The system was tested with five different pre-diffuser 
geometries to show the effect of increasing the area ratio, increasing 
the included angle and canting the pre-diffuser. For each pre-diffuser 
geometry the influence of varying the flow split and the axial distance 
between pre-diffuser outlet and combustion chamber head (dump gap) were 
investigated. In addition to determining the overall performance 
characteristics, the pressure losses for the inner and outer flow fields 
were calculated and the losses further sub-divided in order to identify 
regions of high loss. 
When operating at the design flow split there was an asymmetric 
growth of the boundary layers along the inner and outer walls of the 
symmetrical pre-diffusers. This resulted in separation occurring on 
the inner wall when the pre-diffuser area ratio was increased beyond 
1.6. An initial attempt at optimising the geometry was made by canting 
the pre-diffuser. This resulted in improvements in both the pre-
diffuser flow stability and the overall system performance. 
The effect of increasing the pre-diffuser area ratio for a constant 
included angle of 12° was to improve the overall performance at the 
expense of increasi~g the system length and decreasing the pre-diffuser 
outlet flow stabilfty. Increasing the included angle from 12° to 18° 
for a constant pre-diffuser area ratio of 1.8 resulted in a significant 
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_decrease in overall performance and pre-diffuser flow stability. 
The optimum dump gaps for the various pre-diffuser geometries have 
been established and these are in reasonable agreement with the non-
dimensional value (D/h2) of 1.1 often used in practice. The results 
_indicate that decreasing the dump gap leads to an improvement in pre-
diffuser flow stability, however, it is not possible to reduce the dump 
gap much below the optimum value because of the rapid decrease in 
overall performance. 
Analysis of ·the pressure losses in the system showed that the 
majority of the overall loss occurred in the region downstream of the 
plane of maximum velocity over the combustion chamber head. This was 
attributed to the strong local acceleration and subsequent diffusion 
of the flow as it passed over the head. 
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.CHAPTER 1. INTRODUCTION. 
1-1 TIIFFUSERS ANTI DIFFUSER SYSTEMS 
In many internal fluid flow systems it is desirable to reduce the 
velocity level or to increase the. static pressure of the flow at some stage. 
In either case the conversion of kinetic energy into pressure energy is 
involved and this can be achieved by allowing the fluid to pass through a 
duct of increasing cross-sectional area, referred to as a diffuser. 
The diffuser is however, limited in its ability to produce the required 
conversion of energy. The adverse pressure gradient causes the boundary 
layers to thicken, and if the pressure gradient is too severe, separation 
occurs allowing some of the fluid to flow back in the direction of 
decreasing pressure. In this case the main flow does not fill the whole 
of the diffuser and further useful conversion of energy may b& inhibited. 
In addition, the formation of eddies in the separated region results in 
scme kinetic energy being converted into random energy, thus reducing the 
amount of energy available for conversion. In order to avoid separation 
the rate of velocity decrease and consequent pressure rise mu&t be carefully 
controlled. 
In many applications a diffuser is employed to reduce the velocity of 
the fluid entering a component in order to avoid excessive losses. One 
such application is in the design of closed circuit wind tunnels where a 
diffuser is placed upstream of the return circuit. Another sj.milar example 
is in gas turbine engine design where a diffuser is interposed between the 
compressor and combustion chamber. In this case -the object is to reduce 
the pressure loss occurring in the combustion chamber. 
In addition to the performance characteristics, the diffuser exit 
velocity distribution and flow stability can be equally important in cases 
where the component immediately downstream is sensitive to inlet flow . 
conditions. Typical examples are the subsonic intake diffuser prior to 
-2-
a gas turbine compressor, and the diffuser prior to the combustion 
chamber. In both cases serious loss in performance may arise due to 
flow instability. 
In many applications diffusion may not be confined to a simple duct, 
but may be distributed between a number of ducts arranged in parallel or 
in series. An example of such a case is the type of compressor exit or 
combustion chamber diffuser system in which the diffusing flow is divided 
into three streams which feed the combustion chamber. This type of system 
is discussed in more detail in the next section. 
1-2 CHARACTERISTICS OF COMBUSTION CHAMBER DIFFUSER SYSTEMS 
A·typical modern gas turbine engine combustion system is shown in 
Fig. 1-2-1. The combustion chamber is annular and has a discrete number 
of fuel injectors which are linked to an external fuel supply manifold. 
The compressor supplies high pressure air at an axial velocity corresponding 
to a 111ach No. of typically 0.30. This air passes through an initial 
diffuser (A) and is then distributed between the diffusers (B), (c) and (D). 
The flow passing through (B) is a relatively small proportion (15 to 20%) 
of the total and is used to achieve approximately stoichiometric conditions 
in the primary zone of the combustion chamber. The remainder of the flow 
is divided into two streams passing through diffusers (c) and (D), the 
proportions of which will depend upon the combustion chamber design. The 
flow then passes into the chamber via several rows of dilution holes, 
where it mixes with the gases from the primary zone, thus reducing the 
exit temperature to an acceptable level. 
It will be seen that diffusers (A) and (B) are parallel to the engine 
B;Xis, whereas (c) and (D) are inclined to the axis. However, all four 
diffusers have straight walls and may be classed as rectilinear annular 
diffusers. 
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1-2-1 Rectilinear Annular Diffusers 
The geometric characteristics of a typical rectilinear annular diffuser 
are shown in Fig. 1-2-2. The line a~a represents the centre-line of the 
' diffuser cross-section. The geometry can be described by four non-dimensional 
parameters; 
(i) 
(ii) 
""(iii) 
the 
the 
the 
ratio of inlet annulus height to mean radius 
ratio of mean length to inlet annulus height ..... 
inclination of the diffuser to the axis ......... 
and (iv) the wall angle relative to the diffuser cross-section 
centre-line (a-a) ......... 
~/Rl 
1/~ 
e 
It may be noted that the above parameters differ from those commonly 
found in the literature. They were chosen partly for convenience, but 
also because they can be used to describe diffusers ranging from axial to 
radial flow with no loss of ge~erality. As an example, L/h1 is considered 
a more appropriate form of non-dimensional leng·vh than the ratio L/LIR1 
used by Sovran & I0omp(1) since the latter parameter· tends to infinity as 
€. approaches 90°. 
Jumular diffusers may be classified in terms of their inclination to 
the axis as shown in Fig. 1-2-3. Referring. to Fig. 1-2-1 it is seen that 
(c) and (D) are wide angle diffusers having IEI > if> , whereas (A) and (B) 
are symmetrical (c = 0). Under certain circumstances it may be necessary 
to offset the cross-section centre-line of (A) or (B) thus giving a canted 
diffuser. It is convenient to identify canted diffusers as being those 
for which lE-I 6, if>. 
Two important factors in diffuser design are the amount of diffusion 
and the rate of diffusion which are to be attempted. The area ratio, 
AR = A2/Ar, is a measure of the amount of diffusion and can be expressed 
as, 
AR = [1 + 2 (~)tan~].[ 1 +(!J (;~) sine] 1-2-1 
Symmetrical diffusers are a special case for which the above expression 
reduces to, 
l-2-2 
The rate of diffusion is generally assessed in terms of the area ratio 
and non-dimensional length (L/h1) of the diffuser. One parameter which 
offers a measure of the rate of diffusion is the ratio, (AR - 1) It will 
\ 1/hl • 
be seen from Eg_n. 1-2-2 that this is eg_ual to (2 tan cp) for symmetrical 
diffusers and it may be noted that cp (or 2~, the included angle) is often 
used as a measure of the rate of diffusion for this class of diffuser. 
In general, however, the rate of diffusion can be expressed as, 
(v~~) = 2 tan~ + (:~) sine + 2(~J (~) tano/ sin6 1-2-3 
It is interesting to note that canting a diffuser (i.e. increasing 
lel) whilst mainta.ining the same area ratio necessitates changing the 
included angle, 2 cf>. 
1-2-2 Linking of Diffusers in Combustion Chamber Systems 
Although it is important tc investigate the characteristics of single 
diffusers, it is eg_ually important to investigate the characteristics of 
the diffuser system and the interactions between the various components. 
The two wide angle diffusers shown in Fig. 1-2-l are linked to the 
axial diffuser by smooth bends. These are necessary in order to avoid 
severe distortion of the flow since this would have an adverse effect 
upon performance. The performance of the system can also be affected by 
the proportion of flow passing through each diffuser. Furthermore, the 
manner in which the flow divides prior to thG branch can influence local 
conditions at entry to diffusers. (B), (c) and (D). For example, if the 
flow in one branch is in excess of the design value this may cause the 
splitters to operate at incidence, with the attendant possibility of 
separation. 
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Attempts have been made to develop an alternative system which has 
a simple geometry as well as being less sensitive to the division of flow. 
Such a system is described in the following section. 
l-2-3 The Dump Diffuser System 
A typical dump-type combustion chamber diffuser system is shown in 
Fig. 1-2-4. It is so called because the compressor exit flow is "dumped" 
into what appears as a duct of very much larger cross-section area. The 
system has four components in which diffusion takes place. These are 
labelled (A), (B), (c) and (D) and can be compared directly with those in 
Fig; l-2-l. The flow is forced to separate at exit from the initial 
diffuser and follows the streamline, s-s. This boundary of the flow is 
often referred to as a "free surface". The remaining volume of the dump 
region is filled by two standing vortices. 
It may be noted that the sharp edged splitters shown in hg. l-2-l 
have been replaced by the blunt hemitroidal head of the combustion chamber. 
This a~rangement is thought to render the system less sensitive to 
variations in the division of flow. In addition it can be appreciated 
that the dump system is geometrically more simple and has fewer critical 
dimensions which would be subject to close manufacturing tolerances. 
The present work represents an initial investigation of the 
performance characteristics of a simple dump diffuser system as shown in 
Fig. l-2-5. It may be noted that no provision is made for flow into the 
combustion chamber and this considerably simplifies the discussion contained 
in the following sections • 
.!.:.2. PERFOillill\NCE PARAMETERS 
In general the performance of a diffuser can be assessed using three 
quantitative parameters, the relative importance of which will depend upon 
the application being considered. These parameters are: 
(i) the static pressure rise achieved by the diffuser, 
(ii) the effectiveness of the diffuser in achieving the above rise 
in static pressure, 
and (iii) the total pressure loss occurring in the diffuser. 
Each parameter is normally represented by a non-dimensional coefficient. 
_Before considering the definition of these coefficients it is important to . 
note that the flow in a diffuser will generally have a non-uniform velocity 
distribution, and possibly a non-uniform static pressure distribution 
resulting from streamline curvature. With non-uniform inlet flow the 
kinetic energy flux entering the diffuser is greater than it would be for 
the same mass flow entering under uniform conditions. The kinetic energy 
flux contained in a non-uniform flow is considered in the following section 
and this leads to the definition of equivalent mean flow quantities. 
Tr~oughout the present work the flow is assumed to be incompressible. 
1-3-1 Equivalent Mean Flow Quantities 
The kinetic energy flux of a non-uniform incompressible flow is 
obtained by integrating the velocity profile as shown below. 
dA = 2nRdR { 
dm = pudA f 
R 
--------
----~ -----
The kineti~ energy entering the elemental area, dA, in unit time is 
(u2 dm/2) and the total flux is therefore, 
1-3-1 
---~--------- -
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It is often convenient to express the kinetic energy flux for a non-
uniform flow in terms of that which would be obtained for the equivalent 
uniform flow (i.e. having the same integrated mass flow). Under uniform 
conditions the velocity would be, u =m/fA· (termed the mass-derived 
velocity) and the kinetic energy flux, 
1-3-2 
Comparing Eqns. 1-3-1/2 leads to the definition of the kinetic energy 
flux coefficientt, ~given as, 
1-3-3 
This definition may also be written in terms of dynamic pressures as, 
ex: = lJA .g_ 
m q dm = & q 1-3-4 
-2; ~ where q = f u 2, and q is the mass-weighted mean dynamic pressure 
defined, 
1-3-5 
The energy coefficient, oc has a value of 1.0 for uniform flow and 
rises above un.i ty as the flow distortion or non-uniformity increases. The 
flux in kinetic energy for a non-uniform flow may now be written as, 
1-3-6 
The flux in potential energy (i.e. static pressure energy) is 
similarly obtained as, 
~m p-(" 1-3-7 
where p is the mass-mean static pressure defined, 
tHenceforward referred to simply as the "energy coefficient". 
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1-3-8 
Finally, the total flux in energy is obtained from Eqns. 1-3-6/7 as, 
m (- -) 
= f p + q 1-3-9 
It may be noted that the mass-mean pressures, P, p and q are the 
equivalent mean flow quantities for a non-uniform flow, derived on an 
energy basis. 
l-3-2 Performance Parameters for Simple Diffusers 
~ 
The pressure recovery coefficient, C relates the actual static 
p2 
pressure rise to the maximum attainable with an infinite area ratio. 
With non-uniform inlet flow the maximum energy which can be converted into 
( 1 -2) ( pressure energy is "'l 2(' u1 per unit volume flow see Eqn. 1-3-6). The 
pressure recovery coefficient is therefore defined, 
= 
-p2- pl 
0( l -2 
1 2f ul 
1-3-10 
Since a diffuser has a finite area ratio the pressure recovery 
coefficient will always be less than unity. Diffuser effectiveness relates 
the actual static pressure rise to the maximum achievable in the diffuser 
with ideal flow (i.e. with no pressure losses). The maximum conversion of 
kinetic energy is achieved with uniform outlet flow (~2 = 1.0) thus, 
(p' - p ) 2 l 
and, 
= "'1 2f ul 1 - 2 1 -2 ( l ) 
0(1 .AR 
= (l- l ) 
"' .AR2 1 
The effectiveness, ~2 is therefore defined, 
l-3-11 
l-3-12 
-':)-
The maximum value for effectiveness is, by definition, unity. It 
may be noted that this is not true of the form of effectiveness often 
encountered in the literature. This is because the pressure recovery is 
commonly defined in terms of a two-dimensional reference process (i.e. 
one with uniform flow at inlet and outlet). The resulting definitions 
for pressure recovery and effectiveness are, 
and C-2 
IT 
Commenting on this approach, Sovran & Klomp(l) state that "A more 
convenient, though possibly less meaningful reference process can be 
defined on the basis of uniform flow conditions". Livesey( 2), however, 
has reported a consistent set of definitions that are not subject to 
qualification and the present definitions are in line with these. 
For a diffuser flow in which pressure losses occur the energy equation 
may be written as, 
where 4P1_2 is the mass-mean total pressure loss. 
The loss coefficient, 5:. 1_2 is defined as, 
1-3-13 
1-3-14 
( 1 - 2) Re-arranging Egn. 1-}-13 and dividing by '\ 2fu1 we obtain 
= 
or, 
oc2 
1 -
ex AR2 
1 
~ 
I. 
1-2 1-3-15 
The first term on the left hand side of Eqn. 1-3-15 represents the 
ideal pressure recovery (Egn. 1-3-11). The value of (<X2 - 1) is a measure 
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of the distortion of the outlet flow and the second term therefore 
represents the reduction in pressure recovery due to excess kinetic 
energy at the outlet plane. The pressure recovery may therefore be 
reduced by insufficient diffusion as represented by the second term, or 
by inefficient diffusion as represented by the loss coefficient. 
1-3-3 Performance Parameters for Branched Systems 
In essence the performance parameters for branched systems are defined 
in the same way as for simple diffusers. The defining equations are, 
however, complicated because of the need to allow for variations in the 
division of flow. The present work is restricted to consideration of the 
simple branched system shown below. 
--=-~== 
_ ___::S:.;.;ystem centre- L i!:!<:·-----
For this system it is necessary to write the energy equation in tzrms 
of total energy flux rather than energy flux per unit volume flow as in 
Eqn. 1-3-13. 
i.e. 1-3-16 
Dividing by (m1 ct/f), re-arranging and substituting q = o.: ~ (' ii2, we 
have 
1 
where, 1-3-18 
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and l-3-19 
In order to define effectiveness for the branched system we require 
~ 
the ideal pressure recovery, C' and this is given by Eqn. l-3-17 with 
~ p4 
\_4 = 0 and '). = "'if = 1.0, ~ 0 
i.e. = l - l-3-20 
~ 
The effectiveness, ~4 is defined as (c jc• ) and from E<{ns. l-3-18 p4 p4 
and l-3-20 it can be seen that this is a complicated expression. In 
particular it may be noted that it is difficult to simplify E({n. l-3-20 
by introducing an area ratio as was done in Eqn. l-3-ll of the previous 
section. The following approach is therefore adopted. Firstly, we define 
the flow split ratio, S as 
s 1-3-21 
Since m1 = m4 . + m4 by continuity, the mass flow and velocity. ratios ~ 0 
in E({n. l-3-20 may be expressed: 
l-3-22 
and l-3-23 
Substituting the above identities in E({n. l-3-20 and simplifying 
gives, 
.._. 
l - 1... ( 1 )3 ( 1 83 ) c• = 
+ s All.i2 + ~02 1-3-24 p4 0(1 1 
where, AR. = (A4/Al) and AR = (A4 /A1) 1-3-25 ~ 0 
~ 0 
It is now convenient to define an effective area ratio, ARe for the 
branched system such that, 
I 
' 
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1 1 - --=---:o--
0<: AR 2 
1 e 
Comparing Eqns. 1-3-24 and l-3-26 shows that, 
1 
AR 2 
e 
( 1 )3 ( 1 · s3 ~ 1 + S AR/ + ARo2 J 
---- --
1-3-26 
1-3-27 
The effectiveness of a branched diffuser system may now be expressed 
in the simplified form, 
G:4 
~ 
c p 
1-3-28 
It may be noted that the effective area ratio and ideal pressure 
recovery are functions of both the system geometry and the flow split 
ratio. The division of flow therefore has a direct influence on system 
performance and this may be assessed by considering the changes in effective 
area ratio with varying flow split. The influence of flow split is 
discussed in Sect. 1-5-3· 
.!=.4. BOUNDARY LAYER AND VELOCITY PROFILE PARAMETERS 
1-4-1 Boundary Layer Parameters 
In the present work boundary layer parameters are used to describe 
the state of development of a boundary layer· and the characteristics of 
the corresponding velocity profile. The generally accepted axi-symmetric 
definitions have been adopted and these are given in Table 1-4. 
The definition of displacement thickness, S* arises from considering 
the mass flow deficit in the boundary layer as compared with a uniform flow 
of velocity U, 
= f[m (u- u) thus, ('u 2rrRw s~- 21r RdR 
w 
and, S* = J:ID (l - E.) u .B.. dR Rw 1-4-1 
w 
where Rw is the wall radius and Rm the radius at the edge of the 
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boundary layer. Comparison of Eqn. 1-4-1 with the two-dimensional 
definition, 
S* 
n 
shows that S*- S* as R- oo. However, it should be noted that n w 
the concept of wall displacement valid for two-dimensional boundary layers 
(implicit in the definition of Sir) is not applicable for axi-symmetric 
flows, 
i.e. 2j:m u R dR f. Urr[ Rm2 - (Rw + S*) 2] 
w 
The shape parameter, H = S*/e is of particular interest from the 
point of view of describing boundary layer velocity profiles since it may 
be used to indicate how close a particular profile is to separation. 
Separation criteria are by no means accurate, however values of H between 
2.4 and 2.6 are commonly found to correspond with the onset of separation. 
1-4-2 Velocity Profile Parameters 
In most diffuser applications the flow can be characterised as having 
a non-uniform velocity profile with a single point of maximum velocity in 
any one cross-section. The location of this point of maximum velocity and 
the magnitude of the velocity depend largely upon the pressure gradients 
to which the two wall boundary layers are subjected. In the context of the 
present work it is important to distinguish betwee~ two characteristics 
relating to the shape of velocity profiles, namely peakiness and radial 
distortion. These are illustrated in the diagram over. 
If the.adverse pressure gradients are appreciable (as in a diffuser) 
but equal in magnitude for both boundary layers, a symmetrical peaked profile 
is formed. If, however, one boundary layer is subjected to a higher pressure 
gradient than the other, the boundary layer growth is unequal and the peak 
position is displaced from the centre of the duct. The resulting velocity 
profile is said to be radially distorted. 
----------------------------------------~~------------------------------------------------
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Whereas peakiness and radial distortion are related to each other, they 
are dealt with separately here. 
(i) Profile Peakiness 
Most of the commonly used profile peakiness parameters derive from 
the blocked area concept suggested by Sovran & Klomp(l) for evaluating 
inlet profile effects on various diffuser geometries. The blocked area, 
~ is given by 
The blocked area fraction, B and the effective area fraction, E are 
then obtained as, 
-
B = (1- ~) =(l -_E)= 2 l-4-2 
These parameters are particularly convenient since, knowing the mass 
flow and cross-section area, they may be calculated from a single measurement 
of the maximum velocity. The blocked area fraction has been widely adopted 
for use in correlating the effects of inlet profile variations on diffuser 
performance. 
The energy coefficient, ~ (see Sect. 1-3-1) is a further parameter 
----------~----------------------------~~------------------------
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which relates to the peakiness of a velocity profile. In view of its 
importance in determining diffuser performance the energy coefficient is 
a logical choice of parameter for representing profile peakiness. It is 
however, necessary to have detailed velocity profile data in order to 
evaluate c<:. 
{ii) Radial Distortion 
One obvious choice'of parameter for describing radial distortion is 
the distance of the profile peak from the centre of the duct (expressed as 
a fraction of the annulus height). However, this is not very satisfactory 
for making quantitative comparisons of velocity profiles since the peak 
position cannot always be determined accurately. Radial distortion is 
therefore usually assessed by comparing li*, e and H for the inner and outer 
wall boundary layers. Taking this approach one step further it is possible 
to define specific parameters which relate directly to radial distortion. 
As an example, the difference in displacement thickness {li~ - li*) between 
1 0 
the inner and outer boundary layers may be used in formulating a radial 
distortion factor, RD, of the form 
RD 1-4-3 
Although arbitrarily defined, such a factor can be expected to provide 
a good quantit~tive measure of radial distortion. It may be noted that 
non-dimensionalising with respect to (a~ + S6) has the effect of making RD 
1 
essentially independent of profile peakiness. 
l=2 FACTORS INFLUR~CING DIFFUSER SYSTEM PERFORMANCE 
The factors which influence the performance of branched diffuser systems 
can be considered under three headings; inlet conditions, system geometry, 
and division of flow. The influences of inlet conditions and geometry on 
the performance of simple diffusers have been dealt with at length in the 
literature. Compared with simple diffusers the geometric and flow variables 
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for branched systems are much larger in number. The influence of each 
variable will not therefore be discussed in detail, except in the case of 
variables which are peculiar to branched systems. 
1-5-1 Inlet Conditions 
(i) }!ach Number and Reynolds Number 
Tests carried out by Little & Wilbur(3) on conical diffusers indicate 
that pressure recovery. is essentially independent of Mach number below a 
critical value at which local sonic conditions are obtained near the inlet 
corner. McDonald & Fox(4), again working with conical diffusers, have 
shown that performance is not sensitive to Reynolds numbers above 7 x 104. 
In relation to annular diffusers, Gurevich( 5) has shown that the loss 
coefficient is insensitive to Mach numbers between 0.25 and 0.7 for 
diffusers operating with low entry swirl. It is assumed that these results 
will also apply in the case of branched systems. 
(ii) The Inlet Velocity Profile and its Characteristics 
A, large amount of work has been reported on the effects of inlet 
velocity profile variation upon diffuser performance. Whereas profile 
shape and turbulent mixing are generally regarded as the main factors 
influencing performance, it has remained difficult to isolate the effects 
of each. For this reason much of the literature relates to experiments in 
which the inlet profile distortion was varied without controlling the 
turbulent mixing. 
In correlating the effects of inlet profile variation on diffuser 
performance Sovran & Klomp(l) have used the inlet blockage fraction, B1 as 
a measure of profile distortion. In their investigation they were able to 
show that the outlet effective area fraction, E2 correlated with the inlet 
blockage fraction and area ratio as shown in Fig. l-5-l. Using this 
correlation the appropriate value of E2 may be substituted in the indicated 
equation to obtain the effectiveness, GII of a given diffuser. 
-------------- -- - - -
-17-
1 -
(E/E2)2 
i.e. ~IT _1_ AR2 = E2 __L 
1 1 - . 2 AR 
1-5-1 
A representative variation of~II with E1 has been deduced from 
Fig. 1-5-1 together with additional data due to Wolf & Johnston(6) and 
T,y-ler & Williamson(7) {see Fig. 1-5-2). It can be seen that Gli falls 
significantly as E1 is increased. It may be noted that the two-dimensional 
definition of ~II takes no account of the increase in available energy as 
E1 is increased (i.e. the increase in~1 is not accounted for). Therefore, 
in terms of the present definition (Egn. 1-3-12), the effectiveness,~ would 
decrease more rapidly with increased inlet distortion than is indicated in 
Fig. 1-5-2. 
Although the importance of inlet turbulence has long been appreciated, 
it is 9nly recently that experiments have been conducted to show its 
independent influence on diffuser performance. By using an artificial 
velocity profile generator Bradley & Cockrell (e) vrere able to generate a 
high turbulence flow at entry to a conical diffuser whilst maintaining the 
same velocity profile as that given by a long smooth entry pipe. The axial 
turbulence intensity produced by the profile generator was approximately 
twice that obtained with fully developed pipe flow. This increase in 
turbulence intensity was shown to produce an improvement in pressure 
recovery of between 10 and 12%. Williams(lO) also observed similar 
improvements in the pressure recovery of three annular diffusers when the 
inlet turbulence was raised by placing a coarse grid upstream of thG inlet 
plane. In this case it is in~eresting to note that the loss coefficients 
were not significantly altered and that the improvements in performance 
were solely attributable to reductions in outlet profile distortion. 
It is thus apparent that turbulent mixing and inlet profile distortion 
----- -----------------------
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have opposing influences on diffuser performance. Since most methods of 
producing distorted velocity profiles also produce high turbulence levels 
it is reasonable to suggest that the independent influence of profile 
distortion is more severe than that indicated in Fig. 1-5-2. The effect 
of radial distortion of the inlet profile has not been dealt with 
specifically, however on physical grounds it can be argued that inlet 
radial distortion will be accentuated by the diffuser, thus rendering the 
flow on one wall more prone to separation than would have been the case 
with "symmetrical" inlet flow. 
(iii) Entry Swirl 
A good symptomatic assessment of the influence of entry swirl on the 
performance of annular diffusers may be obtained by reference to the work 
of Gurevich(5). As an example, the influence of swirl angle on loss 
coefficient for constant inner core diffusers is shovm in Fig. 1-5-3· 
Data has been selected to cover a range of wall angles. Under zero swirl 
conditions, the loss coefficient increases with increasing wall angle as 
would be expected. Th& influence of swirl is generally to increase the 
loss coefficient, however, small amounts of swirl are seen to have a 
beneficial effect, particularly for the higher wall angles. This effect 
can be explained· by reference to the total pressure contours reported by 
J!orlock(ll) for a constant inner core annular diffuser operating with and 
without swirl (see Fig. 1-5-4). For zero swirl the flow is distorted and 
separation occurs on the outer wall near the exit plane. When swirl is 
introduced, the situation is reversed &~d separation occurs on the inner 
wall. At some intermediate stage, separation will be eliminated and this 
is thought to correspond with the minimum loss conditions shown in Fig. 
1-5-3. 
1-5-2 Diffuser System Geometry 
(i) Pre-diffuser 
One major variable of the diffuser system (see Fig. 1-2·-5) is the 
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amount of diffusion attempted in the pre-diffuser. As the area ratio of 
the pre-diffuser is increased the mean velocity at exit is reduced, thus 
implying a lower loss in the remainder of the system. At the same time, 
however, the pre-diffuser outlet velocity profile becomes more distorted 
and this may be accompanied by flow separation. The problem is illustrated 
in Fig. 1-5-5 which shows the main features of the annular diffuser 
performance chart due to Sovran & Klomp(l). Three lines have been added 
to the performance chart: 
(a) 
(b) 
(c) 
A line denoted C* which defines the area ratio producing maximum p 
pressure recovery for a given non-dimensional length. 
A line denoted C** which defines the non-dimensional length p ' 
producing maximum pressure recovery for a given area ratio. 
A line of first stall due to Howard, Henseler & Thornton-Trump(l2). 
For practical purposes, t.r.e C* line is the more important of the two p 
optimum lines and is often used in determining ntinimum length geometries 
for low. area ratio diffusers. However, for area ratios above approximately 
1.7 it becomes necessary to increase the non-dimensional length beyond that 
specified by the C* line, in order to avoid flow separation (stall). p 
In the case of the arrangement being considered, the above effects 
will be modified by the downstream geometry, in particular the proximity 
of the combustion chamber headt. In connection with this, Henderson(l3) 
found that target plates placed downstream of a conical diffuser had the 
effect of improving the performance and flow stability. It was, however, 
found that losses around the plate far outweighed the improvement in 
performance of the diffuser. 
(ii) Downstream Section 
Four important geometric variables may be identified for the do1~stream 
section of the dump diffuser system. These are the area ratio, the ratio of 
outer to inner annulus areas, the distance of the head from the pre-diffuser 
t Hereafter referred to as "the head" 
' 
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exit plane (dump gap) and the width of the combustion chamber in relation 
to the pre-diffuser outlet annulus height. For a given application the 
overall area ratio will be fixed, therefore the area ratio of the downstream 
section is determined by that chosen for the pre-diffuser. The outer to 
inner annulus area ratio does not have a direct influence on performance, 
however it is important when considering the division of flow between the 
annuli surrounding the combustion chamber. This is discussed in the next 
section. 
The width and axial location of the combustion chamber can be expressed 
in terms of the non-dimensional parameters, H/h2 and D/h2 (see· Fig. 1-2-5). 
The value of H/h2 specifies the amount by which the flow must be displaced 
radially, and the dump gap (D/h2) specifies the distance over which the flow 
can turn in order to negotiate the combustion chamber. By analogy with flow 
conditions around bluff bodies in a free stream, it can be appreciated that 
there will be a local acceleration and subsequent diffusion of the flow as 
it passes around the head and into the parallel walled annuli. For a 
decrease in D/h2 and/or an increase in H/h2, it can be argued that the 
local acceleration will increase with attendant penalties in performance. 
In a similar way, the shape of the head can also be expected to have an 
influence on the performance. 
1-5-3 Division of Flow 
Branched combustion chamber diffuser systems are usually designed 
such that the mean velocities are equal in the.two annuli surrounding the 
combustion chamber. It is, however, important to consider flow split 
ratios other than the design value implied by u4 = u4.. Qualitatively it 
0 ~ 
can be appreciated that the division of flow determines the pressure recovery 
achieved in each annulus. If energy losses are neglected, the pressure 
recovery will be proportional to the net reduction of velocity in each 
annulus. Thus, for annulus flows greater than design, the pressure recovery 
will be low, and vice-versa for flows which a:ce higher than desj.gn, The 
-21-
effect on overall performance will now be demonstrated by reference to the 
equations of Sect. 1-3. 
Let us consider a simple two-dimensional branched system of area ratio 
2.0, for which the downstream annulus areas are equal and the inlet flow 
is uniform (see Fig. 1-5-6). The inner and outer area ratios, ARi and AR
0 
(see Eqn. 1-3-25) are both equal to 1.0 and the expression for the overall 
pressure recovery (Eqn. 1-3-24) therefore reduces to, 
. 3 ~ 1 - (i ~ s) (1 + s3) 1-5-2 
~ 
where C' is the ideal mass-mean pressure recovery and S is the flow 
p4 
split ratio. The design flow split, s4 is defined as the flow split for 
which the inner and outer annulus velocities are equal. Thus, for the 
system being considered, s4 = (A0/Ai)4 = 1.0. The variation of ideal 
pressure recovery with flow split, given by Eqn. 1-5-2, is shown in Fig. 
l-5-6(a). It can be seen that the pressure recovery is reduced when the 
flow split departs from the design value, s4. It is interesting to consider 
this in terms of the effective area ratio, ARe as defined by Eqn. 1-3~27. 
In this case, Egn. 1-3-27 reduces to 
1 I 1 )3 
AR2 = ( 1 + S (l 
e 
1-5-3 
For the design flow split, S = s4, we find that ARe= 2.0 (i.e. the 
effective area ratio is equal to the geometric area ratio, (A4 . + A4 )/A1). ~ 0 
For other flow splits the effective area ratio is lower than the geometric 
area ratio (see Fig. l-5-6(b)). It may be noted that ARe= ARi for S = 0 
and AR = AR for S =""· e o 
To summarise, three points are to be noted; 
(i) The ideal pressure recovery of a branched system depends upon the 
flow split at which it operates, 
(ii) The maximum ideal pressure recovery is only obtained at the flow 
split for which the mean velocities.are equal in the two branches 
(i.e. the design flow split). 
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(iii) The effective area ratio is only equal to the geometric area ratio 
when the system operates at the design flow split. 
In addition to its influence on overall performance, the flow split 
will also influence conditions at exit from the pre-diffuser. The static 
pressures associated with a disproportionate amount of flow passing down 
one annulus are such as to imply changes in boundary layer development in 
the pre-diffuser. It is therefore apparent that the flow split will influence 
the performance of the pre-diffuser. 
1-6 REVIEW OF PREVIOUS WORK RELATING TO COMBUSTION CHAMBER DIFFUSERS 
Whereas a large amount of work has been reported on the performance 
of simple diffusers, little attention has been paid to more complicated 
geometries. In particular, there is little published information available 
on combustion chamber diffuser systems, even though a considerable amount of 
&~owledge must have been gained in the development of modern gas turbine 
engines. Considerable design problems arise due to difficulties concerning 
the flow characteristics of the compressor exit environment and the 
necessarily complex geometry of the ducts themselves. Experimental 
evidence of the influence of flow characteristics on the performance of 
simple diffusers has been dealt with in the ·foregoing sections. The 
limited information avaiiable on more complex diffuser system geometries is 
now briefly reviewed. 
1-6-1 Investigations of the Performance of a Wide Angle 
Annular Diffuser 
A variety of tests have been carried out at Loughborough( 20) on a wide 
angle diffuser having a geometry typical of that employed in the "faired" 
type of combustion chamber diffuser system shown in Fig. 1-2-1. In addition 
to investigating the basic performance and flow behaviour, the penalties 
associated with t4e addition of internal struts and the effect of replacing 
the outlet bend by a free surface expansion were studied. 
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(i) Basic Performance after Stevens & Fry(l4) 
The basic geometry comprised a wide angle annular diffuser (AR ~ 2.0, 
Ljh2 ~ 6. 2, E. ~ 40°) interposed between two constant area bends connecting 
it with the parallel inlet and outlet annuli. The geometry and corresponding 
performance are given in Fig. 1-6-1. Comparing the results with those for 
a constant inner core diffuser (AR ~ 2.0, Ljh1 ~ 5.0) showed that the loss 
coefficient for the wide angle diffuser was very much .higher (0.163 compared 
with 0.055). This increase in loss was considered to be due to the higher 
turbulence level of the flow from the inlet bend increasing the energy 
dissipation. The high turbulent mixing was, however, confined to the flow 
adjacent to the inner wall and the .initial radial distortion of the flow 
in the inlet bend was accentuated by the adverse pressure gradient in the 
diffuser to the extent that intermittent transitory stalling occurred on 
the outer wall just upstream cf the outlet bend. In the outlet bend, radial 
momentum tra~sfer reduced the velocity profile distortion and a significant 
recovery of static pressure was achieved. 
(ii) Effect of Replacing Outlet Bend by Free Surface Exuansion 
In an attempt to stabilise the point of separation in the diffuser, 
tests were carried out by the author(l5) on a modified geometry in which 
the outlet bend was replaced by a free surface expansion (see Fig. 1-6-2). 
The amounts of diffusion attempted in the diffuser and the free surface 
expansion region were varied (by "cutting back" the diffuser) whilst the 
overall area ratio was maintained at 2.0. The results indicate that the 
performance penalty was small for a free surface expansion ratio, ARf of 1.0, 
s 
but that the penalty increased as the length of the diffuser was decreased. 
The loss occurring in the diffuser was not significantly affected by the 
change in downstream geometry, therefore the increased energy loss was 
attributed to the energy required to sustain the vortex system, and that 
dissipated by turbulent mixing as the highly sheared velocity profile at 
------
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diffuser exit was transformed to almost uniform conditions in the settling 
length. 
(iii) Influence"of Internal Struts 
Two preliminary tests were carried out to assess the influence of 
internal struts on the performance of the wide angle diffuser. The struts 
ran the entire length of the diffuser, with the position of maximum 
thickness situated in the diffuser exit plane (see Fig. 1-6-3). In the 
first test, struts were incorporated in the existing rig (Fig. l-6-1) and 
this effectively reduced the diffuser area ratio to 1.7. The results 
indicated an increase in loss coefficient of 0.03 without any serious 
separation on the outer wall of the diffuser. In the second test the 
diffuser was modified to restore the area ratio to 2.0 and the increase in 
loss coefficient due to the struts was found to be approximately 0.05. 
Due to the increased pressure gradient in the modified diffuser, separation 
took place on the outer wall at diffuser exit. It is interesting to note 
that the increases in loss coefficient were of the same order as those 
measured by Gurevich( 5) in a constant inner core annular diffuser (AR = 2.0) 
having struts whose chord was approximately half the length of the diffuser. 
l-6-2 Aerodynsmic Stability of Branched Diffuser Systems 
Although no experimental 
of branched diffuser systems, 
work has been published on 
Ehrich(l 6) has carried out 
the performance 
a theoretical 
investigation of the aerodynamic stability of such systems and suggests 
that stability will be maintained provided that, 
1-6-1 
where the subscripts 'a' and 'b' refer to the two branches and Ba and 
Bb are the flow fractions in each branch (see Fig. l-6-4). With ideal, 
one-dimensional flow the pressure recovery in each branch would increase 
with decreasing flow (i.e. JC~JB always negative), however these ideal 
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considerations are modified by the occurrence of pressure losses and 
separated flow. At low flow fractions separation is likely to occur and 
oC~B will then be positive as indicated in Fig. l-6-4. Under certain 
conditions the stability parameter, '(J can therefore become positive and 
the system become unstable with oscillations in flow between the two 
branches. 
1=1 CHOICE OF DIFFUSER SYSTEM TO BE INVESTIGATED 
In view of the lack of data on dump diffuser systems, the primary 
objective of the present investigation was to obtain a fundamental 
understanding of their operation and to assess the influence of some of 
the main variables. From the outset it was considered important to limit 
the number of variables studied and to maintain an independent control over 
each one. In view of this it was decided that no attempt should be made 
to simulate the flow into the combustion chamber, Instead, the system was 
designed with two constant area ducts, or settling lengths, surrounding the 
combustion chamber (as shown in Fig. 1-2-5). 
Current thinking suggested that two-dimensional and annular segment 
rigs were to be avoided because of the uncertainty associated with the 
three-dimensional effects inevitably encountered when using end walls. 
Despite the manufacturing complexity, it was decided that the test rig 
should be fully annular. 
The choice of geometry represented a compromise between two objectives, 
namely, that the system should be representative of current designs and 
that the ann?Ius heigh~should be sufficient to carry out detailed 
mea~urements. The geometric details are summarised in tha following 
table. 
----------------------·------- ------------------
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Geometry chosen for the present investigation 
Current Design Values Chosen Value 
Inlet Radius Ratio, 0.84 - 0.90 0.85 
(R./R ) ]. 0 l 
Overall Area Ratio, 1.8 - 2.5 2.0 
(A4. + A4 )/Al 
]. 0 
Combustion Chamber 3.3 - 3·9 3·5 
"Size", Hjh1 
Design Flow Split Various 2.15 
Design flow splits for combustion systems vary considerably depending 
upon the design philosophy employed. For convenience, it was decided to 
make the settling length annulus heights equal, and this, in conjunction 
with a typical combustion chamber size, gave a design flow split of 2.15. 
The test rig was manufactured entirely from perspex to facilitate 
flow visualisation, and provisions were made for: 
(i) varying the pre-diffuser geometry, 
(ii) varying the axial location of the combustion chamber (i.e. the 
d1,1lllp gap) , 
and (iii) varying the division of flow between the two annuli (i.e. the 
flow split ratio, s). 
Fully developed flow was chosen as the pre-diffuser inlet condition, 
since this was considered to be more representative of compressor exit flow 
than the thin inlet botindary layer condition frequently used in diffuser 
research. 
1-8 OBJECTIVES AND SCOPE OF INVESTIGATION 
The general objective of the work was to obtain a fundamental 
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understanding of the fluid mechanic behaviour of a simple dump diffuser 
system. The specific objectives are summarised as follows. 
(i) To investigate the influence of flow split and dump gap on the overall 
performance for each of five pre-diffuser geometries. The pre-diffuser 
geometries were to be consistent with demonstrating, 
(a) the influence of increasing the area ratio for a constant 
included angle, 
' (b) the influence of increasing the included angle for a constant 
area ratio, 
and (c) the effect of canting the pre-diffuser. 
(ii) For each set of test conditions, to measure: 
(a) the velocity profiles at pre-diffuser outlet and in the settling 
length annuli, paying particular attention to flow stability, 
(b) the static pressure profile at pre-diffuser exit,and the wall 
statio pressure distribution throughout the system, 
and (c) the velocity and statio pressure variation in planes perpendicular 
to the head surface, this to be carried out in the region of 
maximum velocity over the head. 
(iii) To estimate the energy losses occurring in each component of the 
system and thereby to identify regions of high loss. 
Chapters 2 ~~d 3 describe the experimental facility, the choice of 
test geometries and flow conditions, and the experimental techniques 
employed, Chapter 4 gives details of the experimental results. A further 
analysis of the energy losses is presented in Chapter 5 and conclusions 
relevant to the whole investigation are given in Chapter 6. 
' 
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Fig.1-2-1 TYPICAL MODERN GAS TURBINE WITH "FAIRED" COMBUSTION 
CHAMBER DIFFUSER SYSTEM. 
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Fig.1-2-3 TYPES OF ANNULAR DIFFUSER. 
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(As used for present investigation) 
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Fig.l-5-1 INFLUENCE OF INLET BLOCKAGE ON DIFFUSER 
PERFORMANCE AFTER SOVRAN & KLOMP.l) 
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Fig.l-5-2 VARIATION OF DIFFUSER EFFECTIVENESS WITH 
INLET BLOCKAGE FRACTION. 
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Fig.1-5-3 INFLUENCE OF ENTRY SWIRL ON LOSS COEFFICIENT 
FOR CONSTANT INNER CORE ANNULAR DIFFUSERS AFTER 
GUREVICH(5) 
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Fig.1-5-5 ANNULAR 01 FFUSER PERFORMANCE CHART 
AFTER SOVRAN & KLOMP(1 ~ 
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Fig.1-5-6 INFLUENCE OF FLOW SPLIT ON BRANCHED DIFFUSER PERFORMANCE 
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Fig.1-6-1 PERFORMANCE OF A WIDE ANGLE ANNULAR DIFFUSER 
AFTER· STEVENS g, FRY(14)_ 
FULLY DEVELOPED FLOW 
COMPONENT ~ ~ 
PERFORMA.NCE :A Cp 
INLET BEND & 
ENTRY LENGTH 0·043 -0·053 
DIFFUSER 0·163 0·492 
OUTLET BEND 0•140 0·086 
OVERALL 0·220 0•525 
NOTE: Parameters are referred to o(dpu,' 
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Fig.l-6-3 PERFORMANCE OF WIDE ANGLE DIFFUSER WITH STRUTS. 
DATA OF FISHENDEN AND BROWN REPORTED BY STEVENS(20) 
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Fig.l-6-4 STATIC PRESSURE RECOVERY CHARACTERISTIC OF A 
BRANCHED DIFFUSER AFTER EHRICH(16), 
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Table 1-4 BOUNDARY LAYER AND VELOCITY PROFILE 
PARAMETER DEFINITIONS. 
PARAMETER SYMBOL GENERALISEDt AXI-SYMMETRIC DEFINITION 
Dl SPLACEMENT s)<- lRm 
THICKNESS (1-..':!)B...dR R U flw 
w 
iR11- ~)~ _!i_ dR MOMENTUM e 
THICKNESS U U Rw 
Rw 
SHAPE H S/e 
FACTOR 
MASS~DERIVED (%) iRo 2 u R dR (R.;- Rt) R• (u) MEAN VELOCITY 
. 
SRo ENERGY ex 2 __!!._ RdR 
(R!- Rl) (li!u? R· tu) COEFFICIENT 
' 
RADIAL ( s~- s* ) DISTORTION RD 
sr + ~~ FACTOR 
t fh,is radius at point of maximum velocity 
I\.., is appropriate wall radius (innE>r or outer) 
a:: 
Will 
~~ 
--'1-
w 
>-::;: 
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0 
m 
w 
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o..w 
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CHAPTER 2. EXPERIMENTAL FACILITY 
2-1 DESIGN OF BASIC FACILITY 
As stated in Chapter 1, it was decided that the test rig was to be fully 
annular. The layout of the test facility is shown in Figs. 2-l-1 and 2-1-2. 
A suction system was chosen in order to avoid uncertainty regarding the inlet 
turbulence structure and flow asymmetry presented by a "blown" system. The 
·choice of a vertical layout reduced the number of inlet support struts required 
and thus ensured that strut wake effects were minimised. Concentricity of the 
tubes was ensured by a flanged and spigotted method of constructton; the 
manufacturing tolerances were typically 500.00 ± 0.07 mm. The majority of the 
rig components were fabricated from perspex allowing ease of flow visualisation 
and "setting up" of instrumentation. 
The air intake was designed with an internal contraction of 8:1 in order 
to minimise the effects of large scale atmospheric turbulence. A Dufaylite 
honeycomb screen was also incorporated. The inner core of the inlet length 
was positioned by means of three aerofoil struts in the intake throat. Stable 
transition to turbulent flow was ensured by trip wires on the inner and outer 
walls just downstream of the 5.ntake throat. An entry length of approxirr,ately 
24 hydraulic diameters was provided in order to give conditions substantially 
consistent with fully developed flow at inlet to the diffuser system. 
After passing throu~~ the working section the flow was discharged into a 
plenum chamber, from which it was extracted by a Keith Blackman 2513S centrifugal 
fan. The drive was provided by an electric motor wHh a resistive speed 
· control. To avoid recirculation problems, waste air was discharged to 
atmosphere via a duct terminating outside the laboratory. 
2-2 METHOD OF CONTROLLING "DESIGN" VAlUABLES 
2-2-l Dump Gap 
The inner core of the test rig was supported by a hollow wooden pillar 
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secured to the base of the plenum chamber .(see Fig. 2-1-1). The combustion 
chamber assembly was mounted on four struts joined to a central boss located 
on a lead screw passing down the centre _of the pillar. Adjustment of the 
axial position of the combustion chamber was achieved by rotating a graduated 
wheel fixed to the lower end of the lead screw. In this way the dump gap (D) 
could be set to any desired value within the range 0 to 200 mm, with an 
accuracy of± 0.10 mm. Concentricity of the combustion chamber with the inner 
and outer tubes was maintained at the lower end by six struts spaced at 60° 
intervals around each of the annuli, and at the upper end by three e~ui-spaced 
aerofoil struts fixed to the outer wall of the combustion chamber. 
2-2-2 Flow Split 
The ~uantity of flow passing down the outer annulus was controlled by 
means of a ring throttle (see Fig. 2-2-1). To extend the range of flow split 
ratios obtainable, a perforated blockage ring was provided for the inner 
annulus. This gave an area blockage of 55% and was only fitted when a hii)l 
flow in the outer annulus was re~uired. 
£::.2. CHOICE OF PRE-DIFFUSER GEOMETRIES 
The geometric details of the five pre-diffusers used·in the investi.gation 
are given in Table 2-3-1. (Further details arc given in Appendix 1). 
Table 2-3-1 Pre-diffuser Geometries 
Diffuser hl;- AR 1; C. ( deg) 2 )6 (deg) Reference Number Rl hl 
1 0.1622 1.4 1.900 0 12.0 
2 11 1.6 2.850 0 12.0 
3 11 1.8 3.805 0 12.0 
4 11 1.8 2.525 0 18.0 
5 " 1.608 2.850 3·333 11.33 
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It is to be noted that more than one geometric parameter is required to 
identify a particular diffuser. For this reason the diffusers are referred 
to by their reference numbers throughout. The geometry of the pre-diffusers 
is shown in relation to the performance chart of Sovran & Klomp(t) in Fig. 2-3-1· 
Diffusers 1, 2 and 3 were "symmetrical", having area ratios of 1.4, 1.6 and 1.8 
respectively, and constant included angle (2 p). An included angle of 12° was 
chosen as this placed all three diffusers close to the optimum Cp* line of 
Sovran & Klomp. 
In view of the stabilising effect of.the combustion chamber head, it was 
considered that a higher rate of diffusion could be accepted in the pre-diffuser 
without a serious loss in performance. To test this hypothesis, Diffuser 4 was 
designed with the same area ratio as Diffuser 3 (1,8), but with an included 
angle of 18°, 
Diffuser 5 represented an initial optimisation of the geometry, the design 
being based upon data obtained from tests with the first four diffusers. ·The 
main feature was a change in inclination angle (c), thus giving a "canted" 
diffuser. In order to assess any change in performance and/or flow stability 
the d.iffuser was designed with the same area ratio and non-dimensional length 
(Ljh1) as Diffuser 2. In this way the srune rate of diffusion was maintained. 
The included angle was reduced from 12° to 11.33° in accordance with Equation 
1-2-1 (Section 1-2-1) • 
.£:& INSTRUMENTATION 
The test programme called for measurement of the velocity profiles and 
static pressures at six stations as shown in Fig. 2-4-1. These were: 
Station 1 Pre-diffuser "Inlet" - two annulus heights upstream of the 
actual inlet plane. 
Station 2 Pre-diffuser "Outlet" - 2.5 mm upstream of the actual outlet 
plane. 
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Combustion chamber head - two planes 120° apart, in the 
region of maximum velocity over the head. 
Settling Length - two planes six annulus heights 
downstream of the beginning of the parallel walled 
annuli. 
· In addition, the static pressure distribution was required for all surfaces 
of the working section. The pressure variation around the head was considered 
particularly important. Static pressure tappings and traverse locations were 
provided in three radial planes spaced circumferentially 120° apart (denoted 
Red, Blue and Green as shown in Fig. 2-4-1). Special items of instrumentation 
were provided at other circumferential locations, the majority being in the 
120° segment between "Blue" and "Red". 
Three static pressure tappings 0.7 mm in diameter were provided at each 
of the six stations described above and at intermediate positions along the 
internal surfaces as shown in Fig. 2-4-3. Additional tappings were provided 
along the walls of Diffusers 2, 3, 4 and 5 in one radial plane (Blue). In 
order to prevent contamination by ingested dust all tappings were blanked off 
when not in use. 
2-4-1 Measurement of ::_>tatic Pressure and Velocity Profiles 
The test rig geometry and flow conditions were such that different methods 
had to be employed for measuring static pressure and velocity profiles at each 
station. These are described in Table 2-4-1 over. 
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Table 2-4-1 Pressure Probe Measurements 
Station Method of Measurement 
1 Pitot probe traverse + wall static pressure measurement. 
2 (i) Separate pitot and wedge static probe traverses 
or (ii) Pitot/wedge static combination probe ·traverse. 
3i' 30 Fixed Rakes: 4 pitot + 1 wedge static probe each. 
4i' 40 Pitot probe traverse using special probe and 
traverse gear + wall static pressure measurement. 
Traverses at stations 1 and 2 were carried out using the traverse mechanism 
shown in Fig. 2-4-5· The radial position of ,each probe could be set to within 
± 0.05 mm. The pi tot probes had flattened heads which were angled slightly to 
ensure contact with the wall when "setting up". At station 1 the static pressure 
was constant across the alli~ulus and equal to the adjacent wall value. At 
station 2 1 however, the static pressure was non-uniform and traverses had to be 
carried out in order to determine the radial distribution. Previous experience~~ 
indicated that wedge static probes were well suited to this purpose because of 
their insensitivity to flow direction in the plane of the wedge. Two probes 
were constructed as follows. 
(i) A miniature wedge static probe (see Fig. 2-4-6), the measurements 
from which could be used, together with those from separate pitot 
probes, for determining dynamic pressure. 
(ii) A pitot/wedge static combir.ation probe which could be used directly 
to measure static pressure and dynamic pressu:t·e to a reasonable 
accuracy (see Fig. 2-4-7). 
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The length of the test programme dictated that pitot and static traverses 
could not be carried out at each of the three circumferential positions for 
every test. In the majority of tests a. single traverse of the combination 
probe was therefore used to measure the velocity and static pressure profiles. 
In view of the variable head position and inaccessibility of the inner 
annulus, it was not possible to carry out traverses at stations 3. and 3 • 
l. 0 
A fixed rake was therefore mounted on each of the inner and outer surfaces of 
the head as shown in Fig. 2-4-2. 
At stations 4. and 4 , in the settling lengths, the flow was in 
l. 0 
equilibrium and the statio pressures were assumed equal to the adjacent wall 
values in each annulus. A special pitot probe and traverse mechanism were 
provided in order to overcome the difficulty in traversing the inner annulus 
(see Figs. 2-2-1 and 2-4-4). This instrumentation was used to traverse from 
the inner and outer walls of both annuli at one circumferential position. In 
addition two rakes, each comprising three pitot tubes, were mounted in the· 
inner annulus approximately 120° from the traverse plane. 
All pressure measurements were taken on a D.I.S.A. Digital Voltmeter (Type 
55D 30) connected to a Furness Controls Micromanometer. Details of pressure 
probe calibrations are given in Appendix 2. 
2-4-2 Additional Measurements 
(i) Approximate Flow Snlit Ratio 
A simple method was devised for "setting up" the required flow split for 
each test. Two transverse cylinder probes, each having three forward facing 
interconnected tappings were used to obtain the "mean" total pressure, Pm' in 
each settling length annulus. The approximate flow split was obtained from two 
measurements of "mean" dynamic pressure (q = P - p ) as, m m w 
2-4-1 
------------------------------------ --
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(ii) Inlet Turbulence Intensity 
For comparison purposes the axial turbulence intensity was measured at 
inlet (station 1), using D.I.S.A. constant temperature hot wire anemometer 
equipment. 
(iii) Flow Visualisation 
Wool tufts (mounted on lengths of hypodermic tubing) were employed for 
determining the position of local stagnation points (as for example on the 
combustion chamber head) and for investigating possible regions of separation. 
--~----------------~ 
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Fig. 2-H LAYOUT OF TEST FACI Ll T Y. 
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Fig 2- 1- 2 EXPERIMENTAL FACILITY. 
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Fi g. 2-2-1 SE TTLIN G LENGTH TH ROTTLE & TRAVERSE MECHAN ISM. 
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Fig.2-4-1 STAT IONS AN D LOCATION OF IN STRUMENTATION . 
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Fig. 2-4 -3 LOCATION OF STATIC PRESSURE TAPPINGS. 
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Figs. 2-4-6 & 2-4- 7. 
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Fig 2- 4-7 Pitot-Wedge Static Combination Probe . 
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·CHAPTER 3. EXPERIMENTAL WORK 
. 3·-1 SCOPE OF TESTS 
In carrying out the experimental programme it was considered essential 
that the effects of each variable should be isolated, The geometric and 
flow parameters were therefore varied independently. The five pre-diffusers 
were chosen so that the following parameters could be varied in a systematic 
manner. 
(i) Increasing the area ratio for a constant included angle 
(ii) Increasing the included angle for a constant area ratio 
(iii) Canting the pre-diffuser whilst retaining the same area. ratio and 
non-dimensional length. 
The range of tests carried out with each pre-diffuser is summarised in 
Fig. 3-1-1. Three values of dump gap were chosen and for each of these a 
minimum of three tests were carried out at varyir..g flow split ratios. On 
average ~1 tests were carried out with each pre-diffuser. The following 
convention has been adopted to indicate the scope and nature of each test. 
CT - "Complete Test" 
Measurement of the following items:-
(i) The velocity and static pressure profiles at pre-diffuser outlet 
(Stn. 2) by means of three total pressure traverses and at least 
one static pressure traverse. 
(ii) The velocity profiles in the settling lengths (stns. 4i and 40 ) 
at one circumferential position and confirmatory checks at other 
positions. 
(iii) The complete static pressure distribution at one circumferential 
position (Blue). 
(iv) The velocity and static pressure profiles in the plane of each 
head rake (Stns. 3i and 3
0
). 
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(v) "Key" static pressures on the inner and outer walls (stns. 2, 4. 
l 
and 4
0
) for each circumferential position. 
A - "Auxiliary Test" 
Measurement of the following items:-
(i) The velocity and static pressure profiles at pre-diffuser outlet 
by means of a combination probe traverse (Blue only). 
(ii) The settling length velocity profiles at one circumferential 
position. 
(iii) The static pressure distribution, at least over the combustion 
chamber head. 
Items (iv) and (v) above •. 
• For convenience each test is identified by a Test Number and this 
provides information on the geon1etry and flow conditions employed. The 
numbers are used extensively in the text where it is necessary to refer to 
a particular test. The numbering system is explained by means of the 
example below. 
Diffuser Reference 
Number 
(Diffuser 3) 
TEST No. 3-0712/CT 
7~ 
Non-dimensional Approximate 
Dump Gap· Flow Split Ratio 
(D/h2 = 0.7) (s = 1.2) 
Type of 
Test 
In addition it is often useful to refer to a particular series of tests 
carried out with a certain pre-diffuser and dump gap. In this case the first 
part of the test number is used. As an example, "Test Series 3-07" would 
refer to the series of tests at various flow splits, carried out with 
Diffuser 3 (AR = 1. 8, 2 j6 = 12°) .and a non-dimensional dump gap of 0. 7. 
A summary of the configurations tested is given in Table 3-1. The 
choice of flow split for the first few tests was somewhat arbitrary. The 
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results of these tests indicated that the optimum performance was likely 
to be achieved for a flow split ratio lower than the design value of 2.15 
(i.e. with more flow passing down the inner annulus). In order to confirm 
this the majority of tests were carried out at flow split ratios in the 
range 0.8 to 2.3. The optimum position for the combustion chamber was 
found to vary depending upon the pre-diffuser area ratio. Values of dump 
gap were therefore chosen to cover the most useful range of combustion 
chamber positions for each diffuser. In the case of diffusers having the 
same area ratio (2 and 5; 3 and 4), tests were carried out for the same 
three positions of .the combustion chamber. This meant that the values of 
D/h2 for tests with Diffuser 5 were slightly different to those for Diffuser 
2. For the sake of clarity the values will be quoted as 0.5, 0.8 and 1.5. 
Throughout the test programme the inlet conditions were maintained 
approximately constant. T,ypical conditions were as follows:-
Mean inlet velocity (u1) . . . . . . . . . . . . 26 m/sec 
. (ul c~~ - Di)) Inlet Reynolds No. -"'-7Y7---=- . . . . . . . . . . . 
2=£ EXPERIMENTAL TECHNIQUE 
3-2-l "Setting up" 
The Micromanometer and Digital Voltmeter were switched on and allowed 
to warm up for a minimum period of 1 hour. During this time the combustion 
chamber was set to the required position and the ring throttle adjusted to 
approximately the correct opening· (as dictated by experience). If necessary 
the inner annulus blockage ring was fitted. 
Towards the end of the warm up period the fan was started and its speed 
adjusted to give a maximum inlet dynamic pressure (pu12/2) of between 45 ~~d 
55 mm w.g. This was measured by a pi tot probe located midway across the 
annulus. The flow split was set to the required value by means of 
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successive measurements from the transverse cylinder probes and adjustments 
of the ring throttle (see Sect. 2-4-2). At this point the inlet conditions 
were checked and the fan speed adjusted as necessary. 
3-2-2 Velocity and Static Pressure Profile Traverses 
The inlet'velocity profile was assumed constant throughout the tests 
and equal to that obtained during calibration. The inlet reference dynamic 
pressure (pu12/2) was recorded before and after each traverse or series of 
measurements. 
In the case of "CT" Tests, three pitot probes were traversed 
simultaneously at pre-diffuser outlet. The technique adopted was to 
traverse out from the inner wall for approximately So% of the annulus 
height and then to traverse from the outer wall for sufficient distance to 
obtain an overlap in the total pressure readings. All the total pressures 
were recorded relative to the outer wall static pressure. A similar 
technique was employed with the combination probe ("A" Tests) but in this 
case the local dynamic pressure was recorded. A pitot probe was traversed 
from the outer wall in order to provide additional measurements close to 
the wall. The static pressure profiles were obtained by traversing either 
of the available wedge probes; the readings were also referenced to the 
outer wall static pressure. 
Traverses from the inner and outer walls of each settling length were 
carried out using the special probe and traverse mechanisin. The total 
pressures were referenced to the adjacent wall static tapping. 
3-2-3 Static Pressure Distribution and other Measurements 
The static pressure at each point was measured as a differential 
relative to the inlet plane static pressure. Any significant fluctuation 
in the static pressure readings was noted. An independent check was made 
of the key static pressures at pre-diffuser outlet and in the settling 
length for each of the three circumferenti'al posHions. 
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The head rake total and static pressures were recorded relative to 
the adjacent static pressure tappings on the surface of the head. 
Investigations with wool tufts were used to determine the following:-
(i) the extent of separation in the pre-diffuser {where appropriate) 
(ii) the stagnation point on the head 
and (iii) the stagnation points on the hub and casing walls, as between 
the main flow and the re-circulating vortex. flow. 
H REDUCTION OF DATA AND COMPUTATIONAL METHODS 
3-3-1 Velocity and Static Pressure Profile Data 
The velocity profile data was non-dimensionalised in terms of the 
maximum velocity to give values of (u/U). These values were then plotted 
versus non-dimensional distance from the inner .wall (yi/h). In the case 
of pre-diffuser outlet profile data, dynamic pressure (and hence velocity) 
was obtained as the difference between the measured total and static 
pressures at successive radial positions. Mean curves were drawn for the 
static pressure and velocity profiles and from these data was tabulated 
ready for analysis by computer program. A sample set of readings and 
calculations is given in Appendix 3. 
3-3-2 Analysis by Computer Program 
Extensive use was made of the University I.C.T. 1905 digital computer 
facilities. One main program was used for ir~tial analysis of the majority 
·of the data. Embodied in the program were calculation procedures for the 
following:-
(i) boundary layer and velocity profile parameters 
(ii) overall performance parameters 
(iii) pre-diffuser performance parameters 
(iv) volume flow rates at each station 
and (v) ·detailed performance data suitable for subsequent analysis of 
local pressure losses. 
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A separate program was used for analysis of the head rake data. 
Curve fitting techniques were employed to make the best use of the data 
available. In addition to printed results the velocity and static pressure 
profiles were output in graphical form. Other programs were used in the 
correlation of performance parameters, the analysis of static pressure 
distributions, and the plotting of graphs. Relevant details of the programs 
and calculation procedures are given in Appendix4. 
2:::.4. ACCURACY 
3-4-1 . Experimental Accuracy 
Measurements were made with pitot and wedge static pressure probes 
under conditions ranging from steady fully developed flow to separated 
flow. The accuracy of these measurements depended largely upon local flow 
conditions. A general assessment of the experimental accuracy is afforded 
by considering the integrated volume flows at each station. The results 
are summarised in terms of the inlet volume flow, ~· as follows. 
Pre-diffuser Outlet: 
Q2 ~ ~ ~~% (mean for all'tests, Q1 + 3-3%) 
Settling Lengths: 
Q4 ~ (Q4. + Q4 ) ~ Q1 +6% (mean for all tests, Q1 + 2.1%) ~ 0 
In view of the complexity of the measureme11ts these results are very 
good. It may be noted that the error in pre-diffuser outlet flow is 
consistent with the higher level of turbulence at that plane. Pressure 
probe calibration details are given in Appendix2. 
Vlall static pressures could be read to an accuracy of± 0.2 mm w.g. 
On average this represented± 0.5% of the inlet mass weighted dynamic 
pressure (o<1 (" ii/ /2). 
3-4-2 Accuracy of Calculated Parameters 
In common with most wor~ based on large numbers of experimental 
-------------- -- - --- -
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measurements, it is difficult to make an accurate assessment of the 
maximum possible errors involved. This is particularly true in relation 
to the integral parameters upon which most of the present work is based, 
Realistic estimates of the maximum likely errors in the more important 
performance parameters are given in the table below. 
Pre-diffuser Overall 
Parameter Typical Error Typical Error Value Value 
Pressure c 0.500 + 0.025 0.500 + 0.015 Recovery p -(± 5%) -(± 3%) 
_.;. 
+ 0;050 + 0.020 Effectiveness & 0.850* 
-(± 6%) 0.700 -(± 3%) 
Loss 0.080* + 0.030 0.250 + 0.025 Coefficient · A 
"f± 4o%) T± lo%) 
~Note: Absolute values are quoted here to avoid confusion with 
percentage errors; elsewhere in the text values of 
Effectiveness and Loss Coefficient are quoted as percentages, 
It may be noted that the errors quoted.for the pre-diffuser parameters 
are larger than for the overall parameters, tr~s being because of the non-
uniformity of static pressure in the outlet plane. The comparatively large 
errors associated with the loss coefficients arise because each loss 
coefficient is calculated as the difference between two large quantities. 
It should also be noted that the percentage errors in loss coefficient 
increase as the loss decreases towards zero. Generally speaking, scatter 
and inconsistencies in the results are small and tend to suggest that the 
errors listed above are, if anything, pessimistic. 
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}=2 CALIBRATION TESTS 
Initial calibration tests were carried out using Diffuser 1, since 
the flow in this diffuser was expected to be free from separation. The 
results of these tests are given in Appendix 2 and the main conclusions 
summarised below. 
(i) Excellent symmetry of flow was observed at the pre-diffuser 
inlet station. 
(ii) Within experimental error, the inlet velocity profile was shown 
to be independent of downstream conditions (notably flow split). 
(iii) Good symmetry of flow was observed at pre-diffuser outlet and in 
the settling lengths. 
(iv) The circumferential variation in wall static pressures was 
within experimental error. 
2=f INLET CONDITIONS 
Preliminary running of the test rig was carried out with a simple 
bell-mouth intake flare fitted as shown in Fig. 3-6-l(a). During initial 
tests, low frequency fluctuations (0.2 to 1 Hz) in flow 11ere observed 
• throughout the rig. These were eventually traced to the effects of large 
scale turbulence within the laboratory. In order to eliminate the undesired 
fluctuations the intake was modified to include a Dufaylite honeycomb screen 
followed by an 8:1 area contraction as shown in Fig. 3-6-l(b). This reduced 
the velocity fluctuations from± 2% to±~ with a circumferential asymmetry 
of ± 1% in velocity. All subsequent testing was carried out using the 
modified in~ake. 
The inlet velocity profile is shown in Fig. 3-6-2. It is peakier than 
that measured by Stevens(9)(for a similar Reynolds number and inlet radius 
ratio) and has a value of ~l ~ 1,062 compared with 1.045 for that due to 
Stevens. The original intake gave an inlet profile very similar to that of 
Stevens. It is therefore thought that the increased turbulence presented 
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by the honeycomb screen was responsible for the change in profile when 
the modified intake was fitted. It may be noted that the change in profile 
is similar to that observed by Bradley & Cockrell ( 8 ) when using smooth and 
rough pipes to generate fully-developed flow (see Fig. 3-6-3). 
The inlet turbulence intensity distribution is shown in Fig. 3-6-4. 
It can be seen that the results are in good agreement with those of Stevens~ 
It is concluded that the inlet conditions were consistent with fully-
developed flow. 
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Fig. 3-6-3 INFLUENCE OF PI PE ROOGHNESS ON FULLY-
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CHAPTER 4· PRESENTATION AND DISCUSSION OF RESULTS 
In this chapter the fluid dynamic behaviour and performance 
characteristics of each system are presented. The influence of the major 
variables, namely flow split, dump gap and pre-diffuser geometry, is 
discussed. The fluid dynamic characteristics are illustrated by means of 
typical examples; the majority of the velocity profiles and static pressure 
distributions are given in Appendices 5, 6, 7 and 8, The data is summarised 
graphically by means of suitable parameters whose physical significance is 
discussed in the text where appropriate. 
A=l PERFORMANCE CHARACTERISTICS 
The variation of ideal pressure recovery, C 1 and effective area ratio, 
p4 
AR (see Sect. 1-3-3) with flow split ratio, S are shown in Figs. 4-1-1/2. 
e 
The ideal pressure recovery is that which would be achieved with zero 
losses and uniform outlet flow; ARe is the equivalent area ratio of a 
simple diffuser having the same ideal pressure recovery as the branched 
system operating at a given flow spJ.it. These are basic characteristics 
of the system and form a basis for the discussion of results. The 
performance characteristics of each system ro1d its corresponding pre-diffuser 
are shown in Figs. 4-1-3 to 4-1-7. 
coefficient,:\ , pressure recovery, 
for each non-dimensional dump gap, 
The graphs· show the variation in loss 
C , and effectiveness, if, with flow split p 
Djh2• The overall design flow split, 
s4* = 2.15 is indicated on each figure and dotted lines have been added to 
indicate the range of optimum flow splits. 
4-1-1 Influence of Flow Split 
The curves for c 1 and AR p4 e (Figs. 4-1-1/2) show that the net diffusion 
is reduced as the flow split is moved away from the overall design value. 
In such cases the system is said to be operating "off-design". Much of the 
discussion in this section centres upon the relationship of optimum flow 
split to design flow split. In order to avoid unnecessary repetition 
the optimum flow splits are referred to using the following convention. 
flow split giving minimum loss 
flow split giving maximum pressure recovery 
flow split giving maximum effectiveness. 
The suffices (2) and (4) are used to denote values for the pre-
diffuser and overall system respectively. 
It can be seen that the performance curves (Figs. 4-1-3/7) are 
ade~uately defined by the experimental data. There is a striking 
similarity between each family of curves, thus indicating that the 
characteristics of each system are fundamentally the same. 
The overall loss coefficient, ~1_4 is seen to depend upon flow split 
and dump gap. The value of SA* is generally lower than design, s4*, and 
decreases as the dump gap is decreased. Taking Diffuser 1 as an example, 
it is seen that SA* drops from approximately 1.7 to 1,0 as· D/h2 is 
decreased from 2.0 to 0.5. In addition, the sensitivity to flow split 
increases as D/h2 is reduced; at the large dump gap the variation in loss 
is barely significant. It may be noted that the overall loss curves bear 
little relationship to that for effective area ratio (Fig. 4-1-2), i.e. as 
the amount of diffusion decreases the loss does not decrease as might have 
been expected. 
On comparing the pre-diffuser and overalr losses it is apparent that 
-the pre-diffuser has a strong influence on the variation of ~-4 with flow 
split. Although 5.1_2 is generally low (a typical value being 7%), the 
variation is significant. The influence of the pre-diffuser can be 
demonstrated by considering the dump plus settling length loss, 
~2_4 = ~1_4 - ~1_ 2 (see Fig. 4-1-8). -It can be seen that A2_4 is 
essentially idependent of flow split except in the case of small dump gaps. 
It may therefore be said that the pre-diffuser characteristics are of major 
importance in determining SA~' In all cases except Diffuser 1, Dj112 = 0.5, 
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it can be seen that values of SA~ correspond closely with those of SA~' 
The curves of overall pressure recovery, C 
p4 
are of similar form to 
that for (Fig. 4-1-1), however the optimum flow split, Sc,
4 
is seen 
to drop from s;as Djh2 is reduced. To assist in explaining this, the 
overall pressure recovery may be written (see Eqns. 1-3-17/25) in the form, 
+ "'4o s3] 
AR2 
0 . 
~ 
/-
1-4 
It was found that the velocity profile distortion in the settling 
lengths did not vary significantly with s, values of ~4 (inner and outer) 
being between 1.025 and 1.040. Thus, neglecting 
very nearly equal to C 1 (see Eqn. 1-3-24). The 
p4 . 
~ 
any losses, C would be 
p4 
shift in Scr,.. from design 
is therefore due mainly to energy losses, i.e. due to inefficient rather 
than insufficient diffusion at design conditions. 
Whereas 8:>.4 and Scr,.. are both "off-design", the values do not correspond 
and it is difficult to identify a single optimum flow split. The overall 
-effectiveness, ~4 has been defined in such a way that it shows the reduction 
in pressure recovery arising from outlet flow distortion and pressure loss, 
relative to a fixed datum, namely lOo% (for uniform outlet flow and zero 
loss). By definition, S~._ represents the most "effective" operating 
condition for the system. It may be noted that Ss._ is generally between 
Taking Diffuser 2, Djh2 = 0.5 as an example, 
It is suggested that Se4 represents a suitable compromise between 
conditions giving minimum loss and maximum pressure recovery. Se
4 
is 
therefore tiken to be the optimum flow split for the system. It should be 
emphasised that this is, in general, an "off-design" flow split for which 
the effective area ratio is somewhat less than the maximum. 
The characteristics of the pre-diffusers are considerably easier to 
analyse since the ideal pressure recovery does not vary with flow split. 
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The optimum flow splits, s,_ , Sr. and S, are essentially equal. The 
2. '1'2. ~2.. . 
~ 
error associated with~_2 is relatively large (see Sect. 3-4-2) and values 
of S.:\2. are considered less reliable than Scp._ and SEz. The optimum flow 
split, S~z varies between 1.2 and 1.4 for the symmetric pre-diffusers 
(Nos; 1, 2, 3 & 4) whereas the values are between 1.5 and 2.0 for the 
canted pre-diffuser (No. 5). The latter pre-diffuser was in fact, 
designed with the objective of achieving just such a change in St~· It 
can be seen that this also had the effect of shifting the overall optimum 
·flow split, Se~ towards the design value. It can be appreciated that the 
large displacement of SE4 from design for the symmetric pre-diffusers has 
resulted from a mis-match between the pre-diffuser and downstream section 
genometries. The importance of careful component matching was not fully 
realised at the beginning of the research programme. Therefore, the 
introduction of the canted pr~-diffuser (5) should be regarded as a 
development based on experience gained in testing with the first four 
pre-diffusers. 
4-1-2 Influence of Dump Gap 
The performance curves (Figs. 4-l-3/7) show that initial increases 
in dump gap have a beneficial effect upon performance, but that beyond a 
certain value the effect is minimal. In the case of Diffuser 4 (Fig. 4-1-6), 
the results indicate that an increase in D/h2 from 0.7 to 1.2 resulted in 
a decrease in performance for S ~ 1.3. This trend is indicated by the 
results for the other diffusers, however it is not specifically show.~. 
The trend is more readily demonstrated by plotting the performance parameters 
~ 
versus Djh2 for constant flow split. An example of the variation in C p4 
~ 
with dump gap is given in Fig. 4-l-9 for Diffuser 3· It is seen that C 
p4 
increases rapidly as D/h2 is increased from 0.4 to 1.0 and reaches a 
maximum in the region of D/h2 c 1.0. Further increase in D/h2 results in 
~ 
a slow decrease in C • Similar results were obtained with the other 
p4 ~ ~ 
diffusers and it was shown that A1_4 and ~4 . exhibit the same characteristics. 
I 
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Careful examination of the performance curves shows that the optimum dump 
gap varies with flow split. The optimum dump gap and flow split for 
each system are fully established and discussed in Sect. 4-5. Before 
I 
discussing the overall performance in more detail it is necessary to 
consider the fluid dynamic behaviour of the system. 
~ PRE-DIFFUSER OUTLET CONDITIONS 
In the previous section it has been shown that the variation in 
pre-diffuser performance is an important factor in determining the optimum 
flow split for each system. In this section it will be shown that changes 
in pre-diffuser performance are associated with changes in both the outlet 
velocity and static pressur.e profiles. The characteristic variations of 
these profiles with flow split and dump gap are illustrated using typical 
examples for one pre-diffuser. In this connection, the results for 
Diffuser 3 have been chosen since they provide good examples of flow 
separation. 
4-2-1 Outlet Flow Axi-symmetry 
Generally speaking, the velocity profiles measured at pre-diffuser 
outlet exhibited excellent symmetry of flov: at the three circumferentially 
spaced measuring planes. Two sample sets of profiles are shown in Fig. 
4-2-1. The profiles for Diffuser 1 (Test 1-1026/CT)t exhibit excellent 
symmetry of flow whereas agreement between those for Diffuser 4 (Test 
4-0422/CT) can only be considered as "fair". These results illustrate 
the range of symmetry obtained with the five pre-diffusers; results for 
Diffusers 21 3 & 5 lay between the two extremes indicated in Fig. 4-2-1. 
Data for other CT Testst is given in Appendix 5. 
For CT Tests the mean velocity profiles were used in obtaining pre-
diffuser performance parameters,. whereas profiles measured at the BLUE 
t See Sect. 3-1 for description of the test numbering system. 
~68-
position only were used in the case of A Tests. As far as consistency of 
results is concerned, it is not considered that any serious error was 
introduced by using this approach. 
4-2-2 Presentation of Data 
The outlet conditions for Diffuser 3 are shown in Figs. 4-2-3/5· 
Each figure shows the velocity and static pressure profiles measured at 
constant dump gap for various flow splits (i.e. for each "Test Series"). 
Similar profiles for Diffusers 1, 2, 4 & 5 are given in Appendix 5· The 
·graphs were drawn by computer and the following comments relate to the 
method of presentat~on. 
(i) The curves were drawn using the mean prof~le data supplied to 
the main performance analysis program (see Appendices 3 & 4); the 
experimental data was specified separately. The graphs therefore provided 
a convenient method of checkirg that no errors were present in the main 
program input data. 
(ii) In some cases (e.g. Test 3-0708/A, outer boundary layer) it cen 
be seen that the velocity profile curves do not pass through the experimental 
data close to the wall. In such cases the curves were defined using 
additional data as illustrated.in Fig. 4-2~2. The additional data is that 
deduced from total pressures recorded with low instrument damping (i.e. 
from fluctuating readings). 
(iii) In the case of CT Tests, only the mean profiles are shown. 
The experimental data has·been omitted for the sake of clarity, but it is 
given in Appendix 5. 
The influence of the test variables on the outlet velocity profile 
is summarised in Figs. 4-2-6/10, The first three figures show the 
variations in H2. 
1 
Wnereas the shape 
and H2 with flow split for each category of dump gap. 
0 
factors provide useful information·on the boundary layer 
growth in the pre-diffuser, it is also interesting to consider the changes 
in peakiness and radial distortion of the velocity profile that are implied. 
--~ ·--------------- --
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The outlet profile peakiness is described by means of the energy coefficient, 
«2 (see Fig. 4-2-9). Radial distortion is described by means of the 
arbitrarily defined radial distortion factor, RD2 (see Sect. 1-4-2) where, 
(&~ - S*) = b~ + b~ ~ 0 2 
It may be noted that this factor is essentially independent of profile 
peakiness. The variations in RD2 with the test variables are shown in Fig • 
. 4-2-10. The values of RD2 are to be interpreted as follows. 
RD2 -< 0 Profile distorted toward the inner wall 
RD ""0 2 "Symmetrical" profile 
RD2 > 0 Profile distorted toward the outer wall 
A complete summary of the boundary layer parameter data is given in 
Appendix 9. 
4-2-3 Discussion of Outlet Velocity Profiles 
Taking the outlet velocity profiles for Diffuser 3 (Figs. 4-2-3/5) as 
typical examples, it is seen that variations in flow split give rise to 
consistent changes in profile shape. As S is increased at constant dump 
gap the point of maximum velocity moves toward the outer wall and the inner 
boundary layer moves nearer to separation (i.e. the momentum near the wall 
is decreased). Conversely, the outer wall boundary layer moves further 
away from separation as S is increased •. At all three dump gaps separation 
is clearly indicated on the inner wall for flow splits close to the overall 
design value, s4 = 2.15. It may further be noted that the velocity 
profiles are almost "symmetrical" for flow splits close to the pre-difi'user 
optimum value (Sez.""' 1.2 as shown in Fig. 4-1-5). 
Comparison of velocity profiles for approximately the same flow split 
shows that increasing the dump gap gives rise to an increase in profile 
peakiness. This is typified by the reduction in momentum near the walls 
and is due to the decreasing influence of" the downstream blockage presented 
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by the head. 
The overall trends for all the pre-diffusers are more conveniently 
discussed in terms of the boundary layer and velocity profile parameters 
shown in Figs. 4-2-6/10. The discussion centres upon comparison of the 
parameters at the two flow splits, Se
4 
and s4 (as indicated on each group 
of curves). 
Influence of Flow Split 
Referring first to the outlet shape factor curves (Figs. 4-2-6/8) it 
can be seen that H2_""' H2 (indicating a nearly symmetrical profile) at ~ 0 
st,· As the flow split is increased toward s4, H2 . increases and H2 ~ 0 
decreases. The radial distortion of the velocity profiles (as represented 
by the difference in the inner and outer shape factors) is appreciable at 
s4. The variations in radial distortion are demonstrated in a more 
quantitative manner by the curves of RD2 (Fig. 4-2-9). It can be seen 
that RD2 e< 0 at s~, and that values increase (in most cases linearly) 
toward'S4. The changes in outlet profile radial distortion are brought 
about by changes in the pressure gradients to which the_inner and outer 
wall boundary layers are subjected. It is via this mechanism that the 
flow split exerts such a strong influence oh boundary layer development 
in the pre-diffuser. 
The curves of~ (Fig. 4-2-10) show that increases in radial 
distortion are accompanied by increases in peakiness of the outlet profile. 
The minimum peakiness is obtained at S~a where it can be noted that the 
profiles are essentially symmetrical (RD2 ~ 0). The combination of 
increasing radial distortion and peakiness represents a strong trend toward 
separation on the inner wall for S >- Se;z., and on the outer wall for S-=: Saz. •. 
Pre-diffuser flow separation is discussed in detail ·in Sect. 4-2-5, however 
it is worth noting that separation was observed on the inner wall at s4 
for Diffusers 2, 3 and 4. 
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Influence of Dump Gap 
Referring to Fig. 4-2-10 it can be seen that ~2 generally increases 
with dump gap at constant flow splits. This is due to a decreasing 
tendency for the presence of the head to inhibit boundary layer growth in 
the pre-diffuser. At small dump gaps the downstream blockage presented by 
the head causes the flow to decelerate more evenly across the annulus, thus 
producing a"less peaky profile. 
The variation in ~2 over the range of flow split (for a fixed D/h2) 
·decreases with increasing dump gap. In a similar way the rate of change 
in RD2 with flow split also decreases with increasing D/h2• 'These trends 
indicate that the influence of flow split on boundary layer development in 
the pie-diffuser decreases as D/h2 is increased. This can be explained by 
considering the dump region as a fluid "accumulator" which tends to isolate 
the pre-diffuser from downstream influences when its volume becomes large 
(i.e. when the dwnp gap is large). On physical grounds it can be argued 
that the influence of flow split on the pre-diffuser becomes negligible as 
D/h2 tends to infinity. 
Influence of Pre-diffuser Geometry 
The influence of pre-diffuser geometry on the outlet velocity profile 
was as expected in that the profile peakiness increased with both increasing 
area ratio and included angle, This can be seen by comparing values of oe2 
for similar dump gaps (Fig. 4-2-10). A more direct comparison of outlet 
profile peakiness for the five pre-diffusers is shown in Fig. 4-2-ll, in 
which peakiness is presented in terms of the outlet effective area fraction, 
E2• For c;mparison purposes the correlation due to Sovran & Klomp(l) has 
been added and it may be noted that this represents the case of D/h2 ;CO, 
The comparison is made in terms of values of E2 obtained at the optimum 
flow split, S~~· The experimental data has been interpolated to give 
curves of E2 for constant values of Djh2• 
----------
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It can be seen that the D/h2 = 1.5 curve (Diffusers 1, 2 & 3) is 
parallel to that of Sovran & Klomp, but that values of E2 are approximately 
0.05 higher. The closeness of the D/h2 1.5 and 1.0 curves suggests that 
little increase in peakiness results from further increase in dump gap. 
It can be seen that the variation in E2 with area ratio is similar to that 
for simple diffusers (as represented by the correlation) but that values 
of E2 rise as D/h2 is decreased. Furthermore, increasing the included 
angle (and thereby the mean rate of diffusion) whilst maintaining the same 
area ratio results in a decrease in E2, representing an increase in 
profile peakiness. 
The comparison of outlet profiles for Diffusers 2 & 5 is of particular 
interest. It can be seen from Figs. 4-2-6/10 that the profiles obtained 
at s4 have been much improved by canting the pre-diffuser. At D/h2 = 0.8, 
for example, H~ has been reduced from 2.5 to 2.12 with a corresponding 
"i 
decrease in RD2 from 0.52 to 0.3. Similarly, oc2 has decreased from 1.335 
to 1.295 and it may be noted that separation on the inner wall has been 
eliminated by canting the pre-diffuser. The main reason for the improvement 
is the relative dioplacement of the head from the diffuser exit centre-line. 
The decreased gap between the head and the inner wall at exit gives rise 
to a reduction in static pressure. The momentum of the flow adjacent to 
the inner wall is therefore maintained at a higher level than that in the 
symmetrical pre-diffuser and separation is avoided. 
The independent influence of each test variable on the outlet velocity 
profile is summarised in Table 4-2 over. The length of the diffusing 
system is represented by the total "variable length", (1 + D)jh1. 
In the context of correlations of profile parameters with diffuser 
geometry and performance, it may be noted that the present results provide 
a good basis for comparing the blockage fraction, B with~ (see Fig. 4-2-12). 
The significance of oc is demonstrated by the performance eQuations of Sect. 
1-3, however B has been used almost universally in correlation work. The 
-73-
results shown in Fig. 4-2-12 cover a wide range of flow conditions 
(including separation) and it can be seen that there is a strong 
relationship between the two parameters. This tends to substantiate 
the case for using B in performance correlation work, particularly since 
it may be measured with relative ·ease. 
Table 4-2 Influence of Test Variables on Outlet Velocity Profile 
Action Effect( e) System Length (1 + D)/h1 
Increase Decrease mean outlet velocity. Increase 
AR Increase profile peakiness. 
Increase Increase profile peakiness. Decrease 
2~ Increase max. outlet velocity. 
Cant Shift optimum flow split. Negligible 
!'re-diffuser Minimal ch&nge in outlet velocity change 
profile at optimum flow split,SEa 
. !Ilcrea"se. Increase profile peakiness • Increase 
Djh2 Increase max. outlet velocity. 
Radial distortion of profile for 
Vary Flow S # Sea accompanied by ~ncrease No change 
Split in peakiness. 
Increase max. outlet velocity. 
4-2-4 Discussion of Static Pressure Profiles 
The following discussion relates mainly to the outlet static pressure 
profiles for Diffuser 3 (Figs. 4-2-3/5), these being typical of the changes 
that occur in all the pre-diffusers. A striking feature of these profiles 
is the large variation in pressure across the annulus. This is a feature 
not usually encountered in diffuser research and resulted in the necessity 
for integrating the static pressure on a mass-weighted basis in order to 
obtain meaningful pressure recovery coefficients. As with the outlet 
velocity profiles, the influences of dump gap and flow split are 
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inter-related; the influence of flow split decreasing as the dump gap is 
increased. 
Influence of Flow Split 
It may be seen that the pressure difference between the inner and 
outer walls is small at the optimum flow split, st,• of approximately 1.2. 
At other flow splits the wall pressures are unequal; the inner wall 
pressure increases and the outer wall pressure decreases as S is increased. 
The increased adverse pressure gradient along the inner wall causes more 
rapid growth of the boundary layer and vice-versa for the outer wall. 
Influence of Dump Gap 
Comparing Figs. 4-2-3/5 it can be seen that close proximity of the 
head to the outlet plane gives rise to a "hump" in the static pressure 
profiles. This can be attributed to the influence of the high pressure 
associated with the stagnatio~ region close to the head. The radial 
pressure gradients provide the forces required to turn each stream of flow 
aroun~ the head. Since the outlet static pressure also dictates the axial 
pressure gradient (at least in the latter part of the pre-diffuser), the 
outlet velocity profile is the result of a complicated balance between the 
momentum and pressure forces in each flow field. At small dump gaps the 
rapid deceleration associated with flow stagnation extends into the pre-
diffuser with the effect of reducing the velocity profile peakiness. 
4~2-5 Pre-Diffuser Separation Limits 
Several examples of pre-diffuser outlet flow separation are shO\m for 
Diffuser 3 in Figs. 4-2-3/5 and these are now discussed along with the 
results for the other pre-diffusers. Wool tufts were used to investigate 
the flow in cases where dynamic pressure measurements indicated that 
separation was likely. The flow regimes of Carlson & Johnston(17 ) (see 
Fig. 4-2-13) were used as a basis for interpreting the tuft behaviour. 
It was found that the "Intermittent Transitory Stall" regime of Carlson & 
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Johnston corresponded closely with conditions at which the indicated wall 
velocity became ~ensibly zero. A typical example of this is shown in Fig. 
4-2-4 for S = 1.82 (inner boundary layer). "Incipient Transitory Stall" 
and "Unsteady Flow" were found to be associated with indicated values of 
u/U near the wall of up to approximately 0.1 (e.g. Fig. 4-2-4, S = 0.77, 
outer boundary layer). It is interesting to note that tuft behaviour 
indicating "Fixed Stall" was not observed although ze;ro values of u/U were 
obtained at distances from the wall of up to 9 mm or yi/h2 = O.l3 7for 
.Diffuser 4 (see Appendix 5). In such situations the proximity of the 
vortex in the dump region is considered to have had some influence upon 
the nature of flow in the separated region. The diagrams below show three 
possible flow patterns and the information available would tend to suggest 
that (b) is the most appropriate. 
(a) Opposing Vortices 
Main 
Flow 
(b) "Dead Air" Region (c) Extension 
of Standing 
Vortex 
For the purpose of defining separation limits it was found convenient 
to use the criterjonof zero indicated wall velocity, corresponding with 
intermittent transitory stall. This approach had the advantage that 
results could be interpolated (in respect of flow split) to give reasonably 
well defined limits beyond which separation could be said to occur. 
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Separation limits (based on the above criteria) are shown in Fig. 
4-2-14. It can be seen that separation occurred on the inner wall at 
s4 for Diffusers 2, 3 & 4· The range of flow splits over which relatively 
steady flow was obtained decreased with increasing area ratio (Diffusers 
1, 2 & 3) and also with increasing included angle (Diffuser 4). As would 
be expected, the most steady flow was obtained at s~ 1.2 for the 
symmetrical pre-diffusers. Comparing Diffusers 2 and 5 shows that 
canting had the effect of eliminating separation at s4 and shifting the 
optimum flow split to approximately 1.7. The objectives and results of 
canting the pre-diffuser are discussed in more detail in Sect. 4-2-7. 
Values of shape factor, H, of approximately 2,6 are generally 
associated with the onset of separation and it is interesting to note 
that the intermittent transitory stall limits of Fig.· 4-2-14 correspond 
vlith values between 2.4 and 2.8 (see Figs. 4-2-6/8), It can be appreciated 
that the widening of the limits at small dump gaps is due to the decreased 
profile peakiness as discussed in Sect. 4-2-3. 
Referring back to Fig. 4-2-1, it is interesting to note that the 
velocity profiles for Test 4-0422/CT indicate that the separation was not 
asymmetric as is often the case in annular diffuser flows (see Appendix 5 
for other CT-Test results). It is therefore considered that the presence 
of the head had a stabilising influence in so far that no serious three-
dimensionality in the flow was observed. 
4-2-6 Discussion of Outlet Conditions in Relation to Pre-Diffuser 
Performance 
In this section the relationship between outlet conditions and pre-
diffuser performance is discussed. Reference is made to the performance 
curves (Figs. 4-1-3/8) and the corresponding outlet profile data (Figs. 
4-2-6/10). For a given pre-diffuser, operating at a particular dump gap, 
it has been shown that the maximum pressure recovery and minimum energy 
loss is obtained at a-flow split giving an essentially symmetrical outlet 
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velocity profile. The pressure recovery coefficient for a simple diffuser 
(E~n. 1-3-15) may be written, 
~ ;, 
1-2 4-2-1 
Comparison of the terms and A over the range of flow ( 
0(2 ) ::: 
~ AR2 1-2 
1 
splits covered by the tests shows that changes in the outlet energy 
coefficient, ~2 are responsible for approximately 7o% of any given change 
in pressure recovery with changing flow split. The majority of the 
reduction in pressure recovery at flow splits other than Sez is therefore 
due to the increase in outlet kinetic energy flux associated with distortion 
of the flow (i.e. due to insufficient diffusion). Similar remarks also 
apply in respect of changes in pressure recovery for varying dump gap and 
constant flow split. 
Whereas variations in are mainly related to changes in ~2 , no clear 
correlation between energy loss and outlet profile distortion is evident. 
This is illustrated by the examples for Diffuser 2 given in the table below. 
Comparison of Performance for Various Outlet Conditions 
(Diffuser 2) 
Djh2 \-2% 
~ 
s 0(2 RD2 c p2 
1.5 1.20 1.34 0.10 7·3 0;420 
0.8 11 1.26 0 5.3 0.470 
0.5 11 '1.12 0.10 6.5 0.514 
0.5 2.48 1.32 o.n 10.3 0.399 
It may be noted that no significant change in loss coefficient has 
resulted from the increase in ~2 from 1.12 to 1.34 for increasing dump gap 
at constant flow split, HoiVever, the combination of increasing radial 
distortion and peakiness (as represented by RD2 and ~2 ) gave an increase 
in loss coefficient from 6.5 to 10.3% at constant dump gap. The independent 
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influence of radial distortion may be assessed by comparing the performance 
at conditions giving the same outlet profile peakiness (~2 ). Three typical 
examples are given in the table below. 
Influence of Radial Distortion on Pre-diffuser Performance 
DIFFUSER -Djh2 s ""'2 RD2 \-2% No. 
0.8 1.2 1.265 0 5.3 
2 
o. 5 2.3 11 0.74 9·4 
o. 7 1.1 1.521 -0.14 7·8 
4 
0.4 2.35 11 0.82 11.5 
0.8 1.7 1.285 O.ll 7·4 
5 
.0.5 3.5 11 o. 72 12.0 
It may be seen that radial distortion (RD2 ~ D) causes the loss 
coefficient to rise by approximately 4% with a corresponding drop in 
"' ~2% 
75.5 
68.0 
66.9 
62.5 
71.2 
63.0 
effectiveness for the same value of ,.:2 (i.e. for the same net reduction in 
kinetic energy, diffusion becomes less efficient when the flow is radially 
distorted). This implies that the increased loss associated with the near 
separated boundary layer outweighs any decrease in loss associated with 
the other boundary layer. The results suggest that some form of radial 
distortion parameter could be used to advantage in correlating diffuser 
performance with flow conditions and geometry. 
Generally speaking the loss coefficient does not vary significantly 
with dump gap even though the outlet profile peakiness increases rapidly 
with increasing dump gap over most of the flow split range (see Fig. 4-2-10). 
Thus, for the particular case of constant pre-diffuser geometry, it appears 
that energy losses are not directly related with profile peakiness. This 
is a somewhat surprising result since losses are generally considered to 
arise from high turbulent mixing such as occurs in regions of near separated 
----------·---- --
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flow (i.e. with high peakiness profiles). A more detailed investigation 
of the tUrbulence structure of the flow within the pre-diffuser would no 
doubt give some insight into this apparent anomaly. In the absence of 
more detailed information,· it is suggested that the higher reduction in 
kinetic energy achieved at small dump gaps causes proportionately more 
loss to be generated in the core region of the flow and that this is 
equivalent to the loss generated in the near-separated regions at large 
dump gaps (i.e. the losses are substantially the same but generated in 
different regions of the flow). 
4-2-7 Pre-diffuser Design Flow Split Ratios 
It has been noted in the foregoing sections that the optimum pre-
diffuser performance is not generally obtained at the overall design flow 
split, s4 ~ 2.15. The symmetrical pre-diffusers were not in fact designed 
to satisfy any particular objective as regards giving optimum performance 
at s4. The appropriate "design" flow split for these pre-diffusers is 
considered in the light of the experimental results and the criterion used 
in designing the canted diffuser is discussed. In view of the need to 
minimise.system length, attention is focused on results for small and 
intermediate dump gaps. 
In the case of Diffusers 2, 3 & 4 the optimum flow split is approximately 
1.2 whereas it is nearer 1.4 for Diffuser 1. Having regard to the outlet 
velocity profile parameters and separation limits it is reasonable to define 
a pre-diffuser "design" flow split, S~ equal to 1.2 as being applicable for 
the symmetrical diffusers operating at small to intermediate dump gaps. 
At this flow split the following design objectives are, in the main 
achieved: 
(i) optimum performance in terms of cp2 and )l-2' 
(ii) maximum net reduction in velocity giving minimum kinetic 
energy at entry to the dump section 
and (iii) operating point midway between the inner and outer boundary 
layer separation limits (i.e. optimum outlet flow stability). 
--------------------------~ 
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The design objective can therefore be expressed in terms of a 
requirement to obtain a "symmetrical" outlet velocity profile at the 
design flow split chosen for the system as a whole, Some insight into 
ways of satisfying this objective can be gained by considering the pre-
diffuser and dump region geometry shown below. 
OUTER 
INNER 
• • • • • • ·" Stagnation Streamline 
T~e pre-diffuser and combustion chamber head are on the same local 
centre-line and it is assumed that the stagnation streamline is coincident 
with this centre-line in the dump region. The design flow split is given 
by, 
Substituting typical values of (ii. jii.. )2 ~ 0. 97 for a symmetrical 0 ~ 
4-2-2 
outlet profile and (A /A.) 2 ~ 1.14 in Eqn. 4-2-2 gives an estimated design 0 l. 
flow split of S~ = 1.1. The discrepancy between this and the value of 1.2 
quoted above is due to the assumption that the flow divides along the 
centre-line. Experimental results show that the stagnation streamline is 
typically 48% of the annulus height from the inner wall. 
In the absence of any suitable theory the above approach was used as 
a basis for designing the canted diffuser. The objective was to obtain 
a pre-diffuser giving a symmetrical outlet profile for S = s4 and Djh2 = 0.8. 
An iterative process was used to obtain the. combination of wall angles 
I 
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giving S~"" 2;15 by Eqn. 4-2-2. The area ratio and non-dimensional length 
were to be the same as for Diffuser 2. Values of (uoflli) 2 were obtained 
by integrating a typical symmetrical profile using the assumption that the 
flow would divide along the head centre-line. 
CAN TED PRE·DIFFUSER, S = s;; = 2·15 
The final choice of geometry corresponded to: 
(A/Ai) 2 = 1.75, (u/ii.i) 2 = 1.25 and s2 = 2.18 
The experimental results indicate that a realistic value of S~ is l. 7 
(Djh2 = 0.8, Fig. 4-1-7). The discrepancy between this and the estimated 
value is again due to the assumption concerning the stagnation streamline. 
This was approximately 44% of the annulus height from the inner wall as 
against the 38% initially assumed. However, it may be noted that a flow 
split of approximately 2.0 was required to induce symmetrical flow at 
Djh2 = 1.5, this being in reasonable ag1·eement with the estimated value. 
It is therefore apparent that the optimum inclination or "cant" angle,e 
(defined in Fig. 1-2-2) depends upon the dump gap chosen (i.e. higherc 
for small dump gaps, lower E for large dump gaps). This is due to the 
decreased influence of flow split at the larger dump gaps. It is therefore 
difficult to arrive at a general rule for determining S2 and hence to 
predict optimum pre-diffuser geometries. The simple method described above 
was partially successful, however a more rigorous approach is clearly 
required. The present results form a basis for further testing of canted 
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pre-diffusers and this would no doubt lead to the establishment of better 
criteria for matching pre-diffuser geometry with downstream geometry. 
In order to simplify the discussion in the following sections, 
"design" flow splits will be used for reference purposes instead of the 
optimum flow splits used earlier. Appropriate values are: 
Symmetrical Diffusers (Nos. 1, 2, 3 & 4) 1.2 
Canted Diffuser (No. 5) • • • • •• 1.7 
Whereas these values are only strictly applicable for intermediate 
dump gaps, it is not considered that any serious error will be incurred 
by their use for other dump gaps. 
1=i SETTLING LENGTH FLOW CONDITIONS 
The velocity profiles measured at Station 4 (six annulus heights 
downstream of the beginning of the parallel walled settling length annuli) 
are given in Figs. 4-3-1/3 for Diffuser 3· Profiles for the other tests 
are given in Appendix 7• The experimental data has been omitted for the 
sake of clarity but sample data is given in Appendix2. The static pressua·e 
difference between the inner and outer walls of each annulus was in all 
cases negligible. 
·It can be seen that the velocity profiles are close to uniform with 
u/U > 0.9 over approximately eo% of each annulus. There is no significant 
change in profile with varying dump gap for a fixed flow split, however a 
definite trend is shown with varying flow split. This is best considered 
in terms of the flow passing down each annulus; at high flow fractions the 
profile peak is biased toward the combustion chamber wall and vice-versa 
at low flow fractions. The profiles tend to be symmetrical for the pre-
diffuser design flow split, s2 (1.2 for Diffuser 3). These trends are 
repeated for all five diffusers (see Appendix 7). Changes in radial distortion 
of the settling length profiles are related to changes in flow pattern in 
the dump region. Due to the complexity of flow conditions in the dump 
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region, discussion of these changes in profile is deferred to a later 
section (see Chapter 5). 
The inner and outer annulus energy coefficients (all tests) are 
plotted in Fig. 4-3-4· It can be seen that the values of "'4 . and J. 
very little with pre-diffuser geometry, dump gap and flow split. 
o(4 vary 0 
A typical 
value is 1.03. The equation for overall pressure recovery (Eqn. 1-3-17) 
may be written in the form, 
0 1 - _ __;:;l_-::-(0<4i + s3cX.4o) 
P4 cx1 (1 + s)3 AR.2 A.'l.
2 
J. 0 
and from this it is clear that the small changes in the energy coefficients 
are not responsible for any significant variation in overall pressure 
recovery. Reductions in C relative to the ideal value, C' (see Fig. 4-l-l) 
p4 p4 
are therefore due mainly to inefficient diffusion (i.e. pressure loss) rather 
than to excess kinetic energy flux at Station 4· 
A=! STATIC PRESSURE DISTRIBUTIONS 
4-4-l Examples of the Complete Static Pressure Distribution 
For each test the wall static pressures were measured throughout the 
diffuser system (see Fig. 2-4-3). Typical examples of the static pressure 
distributions are given in Figs. 4-4-l/8. The following points should be 
noted. 
(i) Each figure represents a cross-section of the diffuser system in 
diagrammatic form. The vertical (i.e. axial) dimensions are scaled 
from the appropriate test geometry, however the horizontal dimensions 
are arpitrary. The inner and outer walls of the system are represented 
by strai~1t lines and the pre-diffuser inlet and outlet planes are 
identified by chain dotted lines. 
(ii) The two upper scales (c ) relate to the static pressure 
Pw 
coefficients for the inner and outer walls whereas 'the two lower 
scales (c ) relate to the static pressure coefficients for the 
Pn 
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combustion chamber. The distribution on the head is plotte.d in polar 
co-ordinates, Negative values of C appear inside the semi-circle 
PH 
representing the head, 
The figures have been chose to illustrate particular features of the 
static pressure distribution and these are now discussed in turn. 
(i) TEST 1-0522 (Fig. 4-4-1) 
This demonstrates the features of a particularly bad pressure 
distribution obtained at the overall design flow split and a small dump 
gap. At pre-diffuser outlet the pressure on the inner wall is higher than 
that on the outer wall. This pressure differential persists throughout 
the system and the final pressure recovery in the outer annulus is 0.207 
compared with 0.436 in the inner annulus. The mean velocities in each 
annulus are equal (u4 JU4. = 1.023) and without losses the pressure recovery 0 ~ 
would be similar in each annulus. The lower pressure recovery achieved in 
the outer annulus is therefore due to a high total pressure loss anQ this 
is confirmed by the further analysis of losses presented in Chapter 5. 
The pressure distribution on the head shows that the flow accelerates 
from the stagnation point to about two thirds of the way round the head 
before diffusing into the surrounding annuli. The minimum value of C on 
PH 
the outer surface of the head is -1.09 compared with 0.06 on the inner 
surface. The severe adverse pressure gradient on the outer swface did not 
cause local separation, however, a large pressure loss wa·s undoubtedly 
generated in the adjacent region of rapidly diffusing flow. Although the 
pressure gradients around the head are high and indicate rapid changes in 
flow velocity, the wall pressures in the outer annulus quickly equalise and 
little change in static pressure occurs in the last two thirds of the 
settling length. In the inner annulus the wall pressures are nearly constant 
throughout the settling length. 
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(ii) TEST 2-0812 (Fig. 4-4-2) 
This demonstrates the features of a relatively good distribution 
obtained at the pre-diffuser "design 11 flow split (1. 2) and an intermediate 
dump gap. Compared with Test l-0522 the pressure gradients throughout the 
system are less severe. The pressure recovery is similar along both walls 
of the pre-diffuser and there is no rapid change in pressure at entry to 
the dump region. The pressure recovery.in the outer annulus is higher than 
in the inner, mainly because of the difference in mean flow velocities 
(u4 /ii4. ~ 0.562). It is of interest to note that the pressure difference 0 ~ 
between the inner and outer flow fields does not become significant until 
the flow enters the parallel walled settling length annuli. This suggests 
that conditions near the head are influenced more by the pre-diffuser 
geometry and outlet conditions than by the downstream geometry. 
(iii) TESTS 3-0408 and 3-0423 (Figs. 4-4-3/4) 
These show the effects of varying the flow split at constant dump gap. 
A rapiq acceleration and diffusion of flow occurs in the inner annulus near 
the head for S = 0.8 and in the outer annulus for S ~ 2.3. In the first 
case both the pre-diffuser and the downstream section operate off-design 
and the pressure distribution is completely.asymmetric. In the second case 
the downstream section operates close to design (S ~ s4) and the settling 
length annulus pressure recoveries are similar. The pressure distribution 
in the pre-diffuser and dump region is, however, asymmetric since the pre-
diffuser operates off-design. It is interesting to note that the che.nge 
in flow split from 0.8 to 2.3 does not significantly affect the pressure 
recovery in the first half of the pre-diffuser and that large differences 
in pressure are confined to a region near the outlet plane. 
Comparing the distributions for Tests l-0522 and 3-0423 indicates that 
increasing the pre-diffuser area ratio from 1.4 to 1.8 has the effect of 
reducing the amount of local diffusion downstream of the minimum pressure 
points on the head. ·This is associated with the lower mean velocity at 
----------------------------~ 
-86-
entry to the dump region and is considered an important factor leading to 
the reduction in overall loss coefficient from 47.8 to 32.1%. 
(iv) TESTS 3-0412 and 3-1214 (Figs. 4-4-5 and 4-4-6) 
These show the effects of increasing the dump gap at flow splits close 
to pre-diffuser design. It can be seen that the local diffusion near the 
head is lower for D/h2 ; 1.2 and that the final pressure recovery in each 
annulus is higher. The increase in dump gap therefore produces an 
~ 
improvement in overall performance (~4 rises from 62.4 to 70.7%), even 
though the pre-diffuser outlet flow kinetic energy is increased by reason 
of the increased outlet profile peakiness. This is considered to be due 
to the overriding influence of the decrease in flow turning angle in the 
dump region. 
(v) TESTS 2-0822 and 5-0822 (Fig. 4-4-7) 
The distribution around the head for Test 5-0822 has been added to 
the plot for Test 2-0822 to show the effect of canting the pre-diffuser. 
The point of maximum pressure on the head has been shifted outwards and 
the minimum pressures are both higher than for Test 2-0822. Performance 
parameters for the two tests are compared in the table below. 
Comparison of Performance for Tests 2-0822 and 5-0822 
Test No. s 
2-0821 2.12 0.435 24.3 
5-0822 2.24 0.450 0.577 21.9 
The improvement in overall performance is considered to be due to the 
reduction in local diffusion near the head, this being linked with the 
reduction in pre-diffuser outlet profile distortion. In addition, the 
increase in pre-diffuser outer wall angle from 6° to 9° (relative to the 
rig axis) tends to reduce the turning angle of the outer flow field in the 
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dump region. 
(vi) TEST 5-0817 (Fig. 4-4-8) 
This shows the complete distribution obtained with the canted pro-
diffuser operating close to design (s~ = 1.7). The pre-diffuser and head 
static pressure distribution compares favourably with that obtained for 
Diffuser 2 operating near design (Test 2-0812, Fig. 4-4-2). It may be 
noted that the pressure recovery in the outer annulus.is similar in both 
cases, whereas that achieved in the inner annulus is higher with the canted 
pre-diffuser. It can therefore.be stated that canting the pre-diffuser 
facilitated running at a higher flow split without adversely affecting 
the pressure distribution on the head or the ultimate pressure recovery 
achieved in the outer settling length annulus. 
4-4-2 Combustion Chamber Static Pressure Distributions 
It has not been possible to present the complete static pressure 
distributions for all the tests carried out. However, for completeness, 
the static pressure distributions around the combustion chamber have been 
plotted by computer and these are given in Appendix 8. The changes in 
distribution are consistent between the five diffusers and the trends 
illustrated by the examples of the previous section are confirmed. 
4-5 SID.IMARY OF OVERALL PERFORMANCE 
This section is intended to provide a summary of important results 
relating to overall system performance and to indicate the relative merits 
of each pre-diffuser. The results of Sect. 4-l are presented in a more 
general way by means of performance contour maps and each system is assessed 
in terms of its overall performance, length and flow stability. 
4-5-1 Overall J?erforme.nce Contour Maps 
The overall performance of each system is summarised by the contour 
maps shown in Figs. 4-5-1/5. Two maps are given for each system, one of 
overall loss coefficient, '5;1_4 and one of overall effectiveness, §'4 • 
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Contours of constant performance are plotted against flow split and dump 
gap and the following lines have been added. 
(i) A chain dotted line showing the overall design flow split, s4. 
(ii) An optimum dump gap line (labelled !]] ) , this being the locus 
of points defining "the optimum durrpgap for any given flow split. 
(iii) An optimum flow split line (labelled @), this being the locus 
of points defining the optimum flow split for any given dump gap. 
(iv) Dotted lines showing the pre-diffuser separation limits as in 
Fig. 4-2-14. 
The maps were derived from the results given in Figs. 4-1-.3/7 using 
an analytical method based on curve fitting technig_ues. This approach was 
chosen in order to avoid inconsistencies which would have arisen from curve 
fitting "by eye". Whilst the contour maps are the result of a considerable 
amount of interpolation, the p3rformance figures indicated are considered 
to be within the limits of experimental error. A more detailed description 
of the-method used in constructing the contour maps is given in Appendix 4. 
The contour maps serve to illustrate the sensitivity of each system 
to changes in flow split and dump gap and the following points may be noted 
(see Figs. 4-5-1/5). 
(i) The optimum performance is not achieved at the design flow split 
except in the case of Diffuser 5. 
(ii) The optimum flow split decreases toward the pre-diffuser design 
flow split, s2 as the dump gap is decreased. The difference 
between optimum and design flow split performance increases as 
the dump gap is decreased. 
(iii) The minimum loss coefficient is obtained at a flow split somewhat 
lower than that for maximum effectiveness except in the case of 
Diffuser 5 where both are achieved close to design. 
(iv) There is a limited range of conditions for which the performance 
of each system is insensitive to changes in flow split and dump 
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gap. Outside this range the performance drops rapidly with 
changing flow split and decreasing dump gap. 
(v) Whereas the flow split range giving stable pre-diffuser flow 
increases with decreasing dump gap, this beneficial influence on 
flow stability. is offset by the deterioration in overall 
performance. 
4-5-2 Comparison of Optimum Performance for each System 
It was suggested in Section 4-1-1 that SG~ (the flow split giving 
·maximum effectiveness) represents a suitable compromise between conditions 
giving maximum pressure recovery and minimum loss. In terms pf performance 
the optimum operating conditions are taken to be those for which the 
maximum overall effectiveness is achieved. The performance achieved by 
each system under these conditions is compared in Table 4-5. 
Table 4-5 Comparison of Optimum Overall Performance 
DIFFUSER ~ ~ ~ Pre-diffuser 
AR2 21/J 0 Djh2 s .\-4 E4 c No. p4 Flow Stability 
1 1.4 12 1. 74 2.02 22.7 69.6 0.531 Good 
2 1.6 12 1.20 1. 76 21.2 71.4 0.540 Close to separation 
3 1.8 12 1.06 1.82 19.9 73·3 0.556 Just separated 
-
4 1.8 18 0.85 1.70 23.0 69.2 0.523 Separated 
5 1.6 11.3 1.22 2.22 20.6 72.1 0.551 Good (CANTED) 
The effects of varying the pre-diffuser geometry on the overall 
performance can be summarised as follows. 
(i) Increasing the area ratio produced a gain in performance but this 
was accompanied by an increased tendency toward separation in the 
pre-diffuser. The optimum dump gap decreased with increasing 
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pre-diffuser area ratio. 
(ii) Increasing the included angle, 21/> (and thus reducing the non-
dimensional length) produced a decrease in performance as well 
as an increased tendency toward pre-diffuser separation. The 
optimum dump gap decreas"ed with increasing included angle. 
• (iii) Canting the pre-diffuser produced a marginal gain in performance 
and a large improvement in pre-diffuser flow stability at flow 
splits close to design. The optimum flow split was shifted to 
the design value but the optimum dump gap was not significantly 
altered. 
On the basis of performance alone, Diffuser 3 would appear to give 
the best results, however the pre-diffuser operated with separated flow at 
the optimum performance point and also at the overall design flow split. 
Since separation did not appear to produce any general instability in the 
flow it is difficult to judge how serious the effects might be in an engine 
environment. It is nevertheless recommended that separation should be 
avoided. 
The results obtained for the canted pre-diffuser are very encouraging 
and suggest that gains in performance and flow stability could be obtained 
by re-designing all the symmetrical pre-diffusers. Whereas canting the 
pre-diffuser is clearly desirable for systems having high overall design 
flow splits, the choice of pre-diffuser area ratio and length depends very 
much upon the trade-off between system length and performance. This aspect 
of system design is discussed in the following section. 
4-5-3 Comparison of Performance on the Basis of Length 
In the cases under consideration there are two independent variables 
which influence the system length, namely, the pre-diffuser length and the 
dump gap. It is therefore appropriate to compare the performance of each 
system on the basis of "variable length", Lv' defined, 
4-5-1 
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The overall effectiveness obtained at the design flow split is plotted 
versus L for each system in Fig. 4-5-6. 
V 
(i) Increasing Area Ratio 
It can be seen in Fig. 4-5-6 that the improvement in performance 
obtained by increasing the pre-diffuser area ratio from 1.4 to 1.8 is 
associated with an increase in Lv of nearly 5o%. This represents an increase 
in system length of approximately 1.7 inlet annulus heights·for an increase 
in overall effectiveness of 3·7% (equivalent to a decrease in loss coefficient 
of 2.8%). It may be noted that. a straight line can be drawn which is tangent 
to the three curves for Diffusers 1 to 3· This line defines the limit of 
performance for systems with symmetrical pre-diffusers of 12° included angle. 
Following this approach it is possible to define the optimum dump gap and 
pre-diffuser area ratio for a given length as shown in Fig. 4-5-7· The 
curves are necessarily approximate because of the method of derivation 
however they do provide a good guide to optimum design. It is of some 
interest to note that values on the optimum dump gap (D/h2) curve compare 
favourably with the value of 1.1 often used in practice. So far as pre-
diffuser flow stability is concerned, the results indicate that separation 
is likely for values of LV greater than 4.5. 
(ii) Canting 
It can be seen that the canted pre-diffuser gave a significant 
improvement in performance compared with Diffuser 2 over the whole range 
of Lv. ·It would be reasonable to suppose that a similar improvement in 
performance could be achieved for other area ratios but this would need to 
be confirmed by further tests. In the case studied (1.6 area ratio), canting 
gave an improvement in effectiveness of 1.8% for the same length or a 
reduction in length of 0.4 inlet annulus heights for the same performance. 
Pre-diffuser flow stability was much improved and results suggest that the 
separation limit could be extended beyond LV= 6.0 for higher area ratio 
canted pre-diffusers of the same included angle. 
-92-
(iii) Increasing Included Angle 
Comparing Diffusers 3 and 4 on Fig. 4-5-6 shows that increasing the 
included angle (constant area ratio) significantly reduced the system 
length and performance. An important point is that the performance and 
pre-diffuser flow stability was inferior to that attainable with a 12° 
symmetrical pre-diffuser for a particular length (e.g. 1 = 4.0). The 
V 
optimum included angle would need to be established by further experimental 
work (preferably using canted pre-diffusers) but it is clearly lower than 
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Fig.4-1-3 PRE-DiFFUSER AND OVERALL PERFORiviANCE CURVES. 
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Fig.4-1-4 PRE-DIFFUSER Ai-..10 OVERALL PERFORMANCE CURVES. 
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Fig.4-1-6" PRE-DIFFUSER Ar~Q OVERALL PERFORMANCE CURVES. 
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Fig.4+7 PRE-DIFFUSER AND OVERALL PERFORtviANCE CURVES. 
80 
70 
40 
30 
20 
50 
~ 40 
:A o' 
1-4 10 
30 
20 
10 
0 
0·8 
0·7 
0·6 
0·3 
0·2 
0·1 
01 FFUSER 5 ,AR = 1·6, 21>=11·3° (Canted) 
-li:r- D/h•= 0·5 
----4)-- D/h•= 0·8 
-o- Dlhz= 1·5 
----- Overall Design Flov. Split-s: 
• • • • • • • • • • • •• Locus of optimum flow spLit 
for each parameter 
OVERALL PERFORMAHCE PRE-DIFFUSER PERFORMANCE 
. 
_/ . 
IX' 7 I 
. 
I 
I 
I 
O.G 0-8 1·0 1·5 2 
I 
~ . kv-
. 
. 
' 
0·6 0-8 1·0 1·5 2 
I 1 cp~ r 
V I 
V I 
1/ 
"""' I ~ V. .• . • I 
7 - ! 
-
- -- --- - ll-
f- - - -··--· -
ll_ 
~ 
I 
I 
~ 
3 4 5 
I"' p 
-
3 4 5 
"' I" 
"' --.... 
~ 
;\ 
··-I-
f- - ---· 
100 
90 
- 80 
~2% 
70 
GO 
50 
40 
25 
10 
5 
0 
0·8 
0·7 
0·6 
0·3 
0·2 
0·1 
I 
. 1 ... 
... -c..>.... {>. 
• 
"" 
..A-•. I 
J 
------
~ i:t.. 
)'I • ~ I 
I 
' 
0·6 0·8 1·0 1·5 2 3 4 5 
-
j ~- ·-
11 ~ 
-~ ·~·~ ~~ ~ ~ ~ -~~"[T -
Li 
0·6 0·8 "1-0 1·5 2 3 4 5 
- - f-- ---
ll 
Ji 
.. 
1-
- ~·· :! 1·-I- -
- ~· 11;: 
" 
'--
.: I _._. ..----~·i,: 
l_l i' 
I 
1-- - --
': 
-
---- !---- - -
1--1- ---. ·---
t 
-1- -+-·- ·- ~- -
11 
0 0·6 0·8 1-0 3 4 5 1·5 2 
11 0 1·5 2 3 4 5 0·6 0·8 1·0 
FLOW SPLIT-S FLOW SPLIT-S 
" 
i 
. ' 
_I 
_I 
-99-
Fig.4-1-8 COMBINED DUMP REGION AND SETTLING LENGTH LOSSES. 
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Fig. 4-2-3 PRE-DIFFUSER OUTLET PROFILES 
FOR TEST SERIES 3-04. 
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Fig. 4-2-4 PRE-DIFFUSER OUTLET PROFILES 
FOR TEST SERIES 3-07, 
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Fig. 4-2-5 PRE-OIFF US::CR OUTLET PROFILES 
FOR TEST SERIES 3-12 .. 
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Fig. 4-2-6 PRE-OIFFUSER OUTLET BOUNDARY LAYER SHAPE FACTORS. 
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Fig.4-2-7 PRE-DIFFUSER OUTLET BOUNDt>.RY LAYER SHAPE FACTORS. 
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Fig 4-2-8 PRE-DIFFUSER OUTLET BOUNDARY LAYER SHAPE FACTORS . 
. LARGE DUMP GAPS 
DIFFUSER 1 (AR:1·4,2f=12°) 
2·5 ' 
2·0-
H2 
1·5-. 
1·0 ' 
0·6 0·8 1·0 1·5 2·0 
s 
3·0 4·0 
DIFFUSER 2 (AR:1•6, 2</>=12°) 
3·0 ' 
1·5-
1·0 I 
0·6 0·8 1·0 1·5 2·0 3·0 4·0 
s 
DIFFUSER 3 (AR:1-8, 24>=12°) 
4•5 1 
4·0-
3·0-
2·5-
2·0-
1·5-
FLOW SPLIT, S 
DIFFUSER: 1 2 3 4 5 
D/h2 : 2·0 1·5 1·2 1·2 1·5 
--0-- Inner Boundary Layer 
- Outer Boundary Layel' 
--- Overall Design Flow Split-sZ 
Optimum Flow Split-5~2 
Intermittent Transitory Stall 
( UfUzO at wall) 
DIFFUSER 5 (AR:1·G,CANTED) 
3·0 r-r--..--,----,--,,...,.-,--, 
1·5 
1·0~-:--,J.--L--'~~-~::--" 
0·6 OB 1·0 1·5 2·0 3·0 4·0 
s 
01 FFUSER 4 {AR=1·8,2tj>=18°) 
4.·0 
3·5 
H 2 
3·0 
2·0 
1·5 I 
1
"
0 o-s o~ 1-o 1·5 z.1--~3-'=o-4'""·o 
FLOW SPLIT, S 
-107-
Fig.4-2-9 PRE-DIFFUSER OUTLET VELOCITY PROFILE RADIAL 
DISTORTION FACTORS. 
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Fig.4-2-10 PRE-OIFFUSER OUTLET PROFILE ENERGY COEFFICIENTS. 
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Fig.4-2-11 VARIATION OF PRE-DIFFUSER OUTLET EFFECTIVE AREA 
FRACTION WITH GEOMETRY FOR OPTIMUM FLOW SPLIT. 
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FJg.4-2-12 RELATIONSHIP BETWEEN ENERGY COEFFICIENT AND 
BLOCKAGE FRACTION FOR PRE-DIFFUSER OUTLET FLOWS. 
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Fig. 4-2-13 
Fig. 4-2-13 FLOW REGIMES AFTER CARLSON & JOBNSTON(l7) 
Tuft Pattern Symbol Description 
·<CJ s Steady flow - small or no 
oscillations of tufts. 
u Unsteady flow - medium ampli-
tude oscillations of tufts 
with no back flow observed. 
TI Incipient transitory stall -
large amplitude oscillations 
of tufts on the verge of the 
tuft pointing upstream. 
IT Intermittent transitory stall -
large amplitude oscillations of 
tufts with the tuft pointing 
upstream for short periods of 
time. 
T Transitory stall- tuft points 
upstream for approximately the 
same period of time as it 
points downstream. 
C> F Fixed stall - tuft points upstream for long periods 
of time. 
-----~~---
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Fig.4-2-14 PRE-DIFFUSER OUTLET FLOW SEPARATION LIMITS. 
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Fig.4-3-1 SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 3-04. 
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Fig.4-3-2 SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 3-07. 
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Fig.4-3-3 SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 3-12. 
INNER ANNULUS. ( u/u) OUTER ANNULUS. 
1.0 
o.s 
s~z. 32 5=2.32 
O.fJ 
0.7 
1.0 
0.9 
!. 37 1. 37 
0.8 
0.7 
J.(i 
0. '3 
0.84 0.84 
Ci.8 
0. 7 
O.F.i 
0 c 
. "' 
n c-
V • ,:; 
. , r, 
l. u r . <J G.S 
f.../-0 DISTANCE F90f1 INNEA WRLL - )'~/h3 
. 
X 
a: 
2: 
:::J 
'-.. 
:::J 
>-
~-
,__.. 
L) 
0 
_j 
L1_j 
> 
0 
I 
:z 
J.G 
I! 
If 
-115-
Fig.4-3-4 SETTLING LENGTH ENERGY COEFFICIENTS. 
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STRTIC PRESSURE DlST9IBUTION 
FOR TEST 1-0 S22 
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STRTJC PRESSURE DISTRIBUTJON 
FOA TEST 2-0512 
Fig.4-4-2 
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STRTIC PRESSURE DISTRIBUTION 
FOR TEST 3-0408 
Fig. 4-4-3 
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STRTIC PRESSURE 
FOR TEST 
DISTRIBUTION 
3--0423 
Fig.4-4-4 
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STRTIC PRESSURE DISTRIBUTION 
FOR TEST 3--0412 
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STRTIC PRESSURE DISTAIBUTION 
FOR TEST 3-1214 
Cr, 
Fig.4-4-6 
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STATIC PRESSURE DISTRIBUTION 
FOR TEST 2 0822(- ) 
AND TEST 5-0822(·······) 
Fig. 4-4-7 
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STRTIC PRESSURE OlSTRIBUTlON 
FOR TEST 5--08 i 7 
Fig.4-4-8 
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Fig.4-5-1 OVERALL PERFORMANCE CONTOUR MAPS 
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Fig.4-5-2 OVERALL PERFORMANCE CONTOUR MAPS 
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Fig.4-5-3 OVERALL PERFORMANCE CONTOUR MAPS 
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Fig.4-5-4 OVERALL PERFORMANCE CONTOUR MAPS 
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Fig.4-5-5 OVERALL PERFORMANCE CONTOUR MAPS 
DIFFUSER 5 ,AR=H,2rp =11·3°(Canted) 
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Fig.4-5-6 VARIATION OF OVERALL EFFECTIVENESS WITH 
VARIABLE LENGTH AT OVERALL DESIGN FLOW SPLIT. 
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Fig..4-5-7 OPTIMUM GEOMETRY FOR A GIVEN LENGTH 
(Symmetrical pre-diftusers,21/'>=12~ Overall design flow split) 
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CHAPTER 5. FURTHER ANALYSIS OF LOSSES 
This chapter is intended to provide more detailed analysis of the 
energy losses that occur in the diffuser system. The overall energy loss 
is sub-divided in order to assist in identifyin~ regions of high loss. 
The influence of each "design" variable on the gener.ation of local losses 
is discussed and conclusions are drawn.which provide the basis for a better 
understanding of the fluid mechanic behaviour of the branched diffuser 
system. 
2=l METHOD AND SCOPE OF ANALYSIS 
5-1-1 Division of Losses 
The first step in calculating the local losses was to divide the flow 
into two fields separated by the stagnation streamline in the pre-diffuser 
as shown in Fig. 5-1-l. The proportions of flow passing down the inner 
and outer annuli at Station 4 were used to locate the position of the 
stagnation streamline within the pre-diffuser, such that 
= s = ( ~) . 
4 
5-1-1 
where R
8 
is the stagnation streamline radius, An iterative process 
was used to solve for R
8 
in Eqn, 5-1-1 for the pre-diffuser inlet and 
outlet flows. From this point on, the stagnation streamline was treated 
as a solid boundary and the inner and outer flow fields considered 
separately. Each flow field was divided into sections (see Fig. 5-l-1) 
and the local energy loss calculated for each. The sections are as follows& 
(i) Pre-diffuser (stations l to 2) 
(ii). "Dump" Region (stations 2 to 3) 
(iii) Settling Length (stations 3 to 4) 
The flow in each settling length was further sub-divided into two 
-----------------------------------------------------------------------
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regions, each comprising 5o% of the annulus flow. Energy losses were then 
calculated for each region to indicate whether the majority of loss was 
generated near the combustion chamber wall or the casing wall. A crude 
attempt was also made to estimate the energy dissipated in the vortex 
region of the dump section. A comprehensive knowledge of the flow 
conditions at Stations 1, 2 and 4 enabled the pre-diffuser and overall 
losses for each flow field to be calculated with reasonable confidence (to 
an accuracy of better than± 0.03 on loss coefficient). Analysis of the 
flow conditions in the plane of the head·rakes (Stn. 3) was rendered 
difficul-t by the complexity of the flow in the dump region. Also, the 
measurements afforded by the rakes were very limited. The method used in 
analysing the head rake data is dealt with in the following section. 
5-1-2 Analysis of Head Rake Data 
Each head rake provided one static artd four total pressure measurements 
which were supplemented by two measurements from wall pressure tappings. 
A typical set of data is shown in Fig. 5-l-2(a). The static pressure 
profile was obtained from the three measured values using a curve fit 
based on more detailed calibration data (see Appendix 2). Local values of 
dynamic pressure were calculated using interpolated static pressures and 
the measured totals. Parabolic curve fitting techni~ues were then used to 
obtain the maximum dynamic pressure and hence values of u/U. These values 
were extrapolated to zero to complete the non-dimensional velocity profile 
(Fig. 5-l-2(b)). 
A typical example of the flow pattern in the dump region is illustrated 
in Fig. 5-1-3. The streamline indicates the boundary separating the main 
flow to the settling length from the re-circulating flow in the vortex 
region. Energy is transported to the vortex region by the turbulent motion 
of the fluid, such that_ at Stn. 3 there is a discrete volume flow whose 
kinetic energy has been drawn from the main stream. The boundary of the 
vortex region at Stn. 3 was calculated using an iterative method to obtain 
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the distance from the head up to which the integrated main flow was equal 
to that in the settling length. The static pressure and velocity of the 
flow in the main stream were then integrated and the loss coefficient, 5\2_3 
calculated. A crude estimate of the energy loss in the vortex region was 
made on the assumption that the kinetic energy contained in the vortex flow 
' at Stn. 3 was totally dissipated, It should be noted that 3\2_3 includes 
the loss attributable to the vor'tex region since most of the energy required 
to sustain the vortex is transferred upstream of Stn. 3. 
It may be noted that no continuity check could be made at Stn. 3· In 
the majority of.cases the total indicated flow (discounting the reverse 
flow near ·the casing wall) was in excess of that in the settling length, 
thus indicating a positive vortex flow adjacent to the main stream. In the 
remaining cases the total flow was less than that in the settling length, 
thus indicating an error in the measurements. These cases are commented 
on later. 
2=£ PRESENTATION OF DATA 
5-2-1 Read Rake Data 
A typical set of velocity and static pressure profiles for Stn. 3 are 
shown in Fig. 5-2-1. The remainder of the curves are· given in Appendix 6. 
The head rakes were not fitted until tests with Diffuser 2 were under way, 
therefore no data is available for tests with Diffuser 1 or for Test Sers. 
2-08. The following general comments apply in relation to the results. 
(i) The velocity profiles do not vary significantly with pre-diffuser 
geometry or dump gap for a particular flow split. 
(ii) There is a consistent change in velocity profile with flow split. 
The profiles become more peaky (i.e. concave in shape) as the annulus flow 
is decreased, 
(iii) The static pressure difference across the annulus increases with 
flow as does the peak velocity near the head. 
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(iv) The static pressure difference and peak velocity tend to decrease 
with increasing dump gap and pre-diffuser area ratio. 
The integrated flows in the outer annulus were consistent with there 
being a significant vortex flow (equivalent to typically 10% of the main 
stream flow in the annulus). In the inner annulus the flows were, in a 
number of cases, lower than thos~ measured in the settling length (indicating 
zero vortex flow) even though significant vortex flows were confirmed by 
wool tuft observations. In these cases it is considered that the appropriate 
values of ~-3 have been over-estimated and those of ~3_4 under-estimated. 
Results for the inner annulus must therefore be treated with caution. For 
this reason attention is focused on the analysis of local losses for the 
outer annulus (see Sect. 5-3-2 onward). 
5-2-2 Flow Field and Local Losses 
The experimental flow field loss coefficients are given in graphical· 
form as follows. 
Figs. 5-2-2/4 
Fig. 5-2-6 
Fig. 5-2-7 
Fig. 5-2-6 
Overall flow field loss versus flow for small, 
in~ermediate and large dump gaps. 
Pre-diffuser local loss versus flow. 
Dump region local loss versus flow. 
Settling length local loss versus flow. 
The above curves are plotted versus annulus flow (as a percentage of 
the total inlet flow) since this is more meaningful than flow split ratio 
when considering individual flow fields. The annulus flows equivalent to 
the overall design flow split of 2.15 are, 
Outer annulus flow, Q0 ~ 68.3% 
Inner annulus flow, % ~ 31.7% 
All the local losses are presented in terms of the same reference 
pressure, namely the mass-mean inlet dynamic pressure. 
APLocal 
= 
IXl t f ~ 2 i.e. ~Local 5-2-1 
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This method of presentation was chosen since it facilitates direct 
comparison of the energy.losses occurring in different regions of the flow. 
Taking a more specific example, the inner flow field pre-diffuser loss 
coefficient has been defined, 
5-2-2 
It should be noted that the local losses can be added to obtain the 
·overall flow field loss (i.e. ~1_4 = ~1_ 2 . + ~2_3 + ~3_4 for either flow 
field) and that the mean loss for any given section is the mass-mean of 
the two flow field losses, 
~ Qi C\_2) i + Qo (~1 _2 ) o 
e.g. for the pre-diffuser, "\-2 = ......:::._--,(""Q-i=-+-Q:-
0
-:;):..._ _ ~ 5-2-3 
1=l DISCUSSION OF RESULTS 
5-3-1 Overall Flow Field Losses (Figs. 5-2-2/4) 
The ove;rall flow field losses tend to decrease with increasing pre-
diffuser area ratio and increase with increasing angle (i.e. the trends are 
substantially the same as for the mean overall losses as discussed in 
Chapter 4). The results for Diffusers 2 and 5 are particularly interesting 
since they show that canting the pre-diffuser leads to a re-distribution of 
loss between the two flow fields. This is most pronounced at the small 
dump gap (D/h2 = 0.5, Fig. 5-2-2) for which it can be seen .that the outer 
flow field loss has decreased for a particular flow fraction whilst that 
for the inner has increased. The decrease in outer flow field loss is 
mainly due to two factors; the decrease in turning angle in the dump region 
and the decrease in dynamic pressure at exit from the pre-diffuser 
(associated with the reduced outlet profile distortion). It may be noted 
that both these factors·lead to a lower velocity near the head at Stn. 3· 
As stated in Chapter 4, the net effect of canting the pre-diffuser is to 
reduce the mean overall. loss. This is because the decrease in outer flow 
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field loss outweighs the increase in loss in the inner flow field. 
Due to the dominant influence of dump gap and flow split any deeper 
,understanding of the system performance must start from a consideration 
of these factors. Taking each category of dump gap in turn (Figs. 5-2-2/4) 
it can be seen that the loss versus flow curves are similar in form for 
all pre-diffuser geometries and that the characteristics for the inner and 
outer flow fields are essentially the same. The most striking feature of 
the curves is that the gradients change significantly with dump gap. The 
loss generally increases with flow at small dump gaps whereas it decreases 
with flow at large dump gaps. The characteristic for intermediate dump 
gaps can be seen as a cross between these two extremes as indicated in the 
diagrams below. 
Typical variations in overall flow field loss with flow 
Small Dump Gaps Intermediate Dump Gaps Large Dump Gaps 
f 
Flow- Flow- Flow-
In view of the reversal in trend with increasing dump gap it is 
difficult to isolate any one common factor as being responsible for the 
change in loss with flow. The.net reduction in kinetic energy (i.e. the 
amount of diffusion) occurring in each flow field decreases with increasing 
annulus flow as shown in Fig. 5-2-5. Since the loss also decreases with 
flow for large dump gaps one might postulate that the loss is dependent 
upon the amount of diffusion. This may well be true for large dump gaps, 
however it is clear that such a relationship does not apply for small dump 
gaps since the loss increases with decreasing diffusion. Similar 
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difficulties are encountered when considering the possible influence of 
other variables (e.g. the dynamic pressure levels in the dump region) and 
this leads to the conclusion that different factors influence the generation 
of losses at different dump gaps. The analysis of local losses is intended 
to assist in explaining these trends. 
5-3-2 General Features relating to Local Losses 
The local losses for the pre-diffuser, dump, and settling length 
regions of each flow field are given in Figs. 5-2~6/8. In view of the 
large number of results, no attempt is made in this section to distinguish 
between those for each diffuser. Observations are restricted to the 
following considerations; firstly the level of loss as a percentage of the 
overall flow field loss, and secondly the variation in loss with flow. 
(i) Pre-diffuser Loss (Fig. 5-2-6) 
The energy loss occurring in the pre-diffuser is relatively small in· 
relation to the amount of diffusion achieved. It represents typically 25% 
(i.e. one quarter) of the overall flow field loss, however the proportion 
does vary somewhat with dump gap and annulus flow. The level of loss and 
its variation with flow are substantially the same for each flow field. 
Initially the loss decreases to a minimum in the mid-flow range and then 
increases with increasing flow. The variation is more pronounced for small 
dump gaps and in this respect the characteristics are similar to those for 
the mean pre-diffuser loss given in Chapter 4. 
(ii) !romp Region Loss (Fig. 5-2-7) 
There is a relatively high degree of scatter in the loss coefficients 
quoted for the dump region and furthermore there appears to be little 
similarity between the curves for the inner and outer flow fields. The 
outer flow field loss is relatively low as would be expected for a region 
of predominantly accelerating flow (see Fig. 5-1-3). Some results for the 
inner flow field also support this supposition (i.e. those for the higher 
flows), however others are Unexpectedly high. ·Analysis of the integrated 
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volume flows indicates that the "high loss" results are of dubious 
accuracy and should be discounted. It can therefore be stated that in 
general the dump region only accounts.for a small proportion of the 
overall loss. 
Concentrating attention on the results for the outer flow field, 
it can be seen that there is a tendency for the loss to decrease with 
flow for large dump gaps and to increase with flow for small dump gaps. 
At the design flow (68.3%) the trend is for the loss to decrease with 
increasing dump gap. 
(iii) Settling Length Loss (Fig. 5-2-8) 
The most significant feature of the results is that they show the 
settling length loss to account for the majority (typically 6a,fo) of the 
overall flow field loss. As with the dump region losses, some results are 
of dubious accuracy and are to be discounted (i.e. those showing low losses 
in the inner flow field). The trends with flow are not very clearly 
definen but for small dump gaps the loss does appear to increase with flow. 
5-3-3 Discussion of Pre-diffuser Losses 
The variations in mass-mean pre-diffuser loss and outlet flow 
conditions have been discussed fully in Sect. 4-2. It is however, of 
interest to discuss the variation of the flow field losses with flow (Fig. 
5-2-6). Since the boundary layer contained in each flow field moves 
toward separation as the flow is reduced (see Figs. 4-2-6/8) it is reasonable 
to expect the loss to increase with decreasing flow. The results indicate 
that this indeed is the case for the lower half of the flow range, but 
that the loss increases again at higher flows where the boundary layer on 
the opposing wall moves toward separation. In most cases the loss in the 
flow field containing a "near-separated" boundary layer is somewhat higher 
than that for the other flow field but both flow field losses are higher 
than those for which neither boundary layer is close to separation (i.e. 
-------------
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when .the outlet profile is "symmetrical"). This confirms that losses are 
associated with radial distortion of flow in the pre-diffuser. Integration 
of the boundary layer flows at inlet and outlet shows that under extreme 
conditions (e.g. a high flow split combined with a small dump gap) up to 
2o% of the outer boundary layer flow is transferred to the inner boundary 
layer. The situation is reversed at low flow splits and in both cases 
it is the near-separated boundary layer that accumulates flow, There is 
therefore a considerable interchange of turbulent energy under these 
conditions and it is this that leads to the high loss throughout the flow. 
It would appear that the relatively localised effect of separation does 
not, in itself, strongly influence the loss. 
Comparison of the curves in Figs. 5-2-6 and 5-2-2/4 indicates that 
the pre-diffuser loss has only a small influence on the behaviour of the 
overall loss with changing flow. The reversal in slope of the overall loss 
curves with changing dump gap (noted in Sect. 5-3-1) is therefore not 
directly attributable to variations in pre-diffuser loss. 
5-3-4 Discussion of Dump Region Losses 
In so far as the trends of dump region loss with flow can be 
established (Fig. 5-2-7), they do appear to follow those for the overall 
loss (i.e. a decrease with flow for large dump gaps ~~d vice-versa for 
small dump gaps). Some appreciation of the loss characteristics can be 
obtained by considering the flow conditions in the dump region. For small 
dump gaps there is a strong acceleration over the·head and the experimental 
results indicate that at the design flow, the mean velocity in the outer 
flow field at Stn. 3 rises to a value approximately equal to that at pre-
diffuser inlet. Under these conditions there is a high radial velocity 
gradient near the wall at pre-diffuse·r outlet and this implies a high 
energy transfer to the vortex region (see Fig. 5-3-l(a)). Estimates of 
the energy dissipated in the vortex indicate that up to half the dump 
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region loss (3 to 4%) can be attributed to the energy required in 
sustaining the vortex and that this increases as the annulus flow 
increases. This factor, combined with the increased dynamic pressure at 
the higher flows, accounts for the increase in loss with flow fer small 
dump gaps. 
For large dump gaps the flow conditions are modified due to the 
increased volume of the dump region (see Fig. 5-3-l(b)). The flow continues 
to diffuse downstream of the pre-diffuser and only subsequently accelerates 
over the head. It is reasonable to assume that the amount of diffusion 
increases as the flow decreases. The associated increase in turbulent 
mixing is considered to account for the increase in loss with decreasing 
flow. When expressed as a function of local entry conditions (i.e. as 
(6P2._3 )0 /<><z0 if ui"o) the outer flow field loss coefficients are increased by 
a factor varying between 2.5 at low flows and 1.5 at high flows. Expressed 
in this way the loss coefficients show a predominant trend of decreasing 
with increasing flow. Thus, at low flows, the increase in diffusion 
coupled with the inferior outlet conditions from the pre-diffuser combine 
to produce an increase in dump region losses. 
5-3-5 Discussion of Settling Length Losses 
The experimental results (Fig. 5-2-8) indicate that a large proportion 
of the overall flow field loss occurs in the settling length. In broad 
terms this can be attributed to the high dynamic pressures at Stn. 3 and 
the large amount of diffusion and associated mixing that occurs as the flow 
turns into the parallel walled section. The increase in loss with flow for 
small dump gaps can be attributed to these effects. There are no marked 
trends with flow for the intermediate and large dump gaps and it is therefore 
concluded that variations in overall ·loss are related more to the changes . 
in dump region and prs-diffuser loss at the larger dump gaps. 
· TYpical results for the further division of losses in the settling 
·length are given in Fig. 5-3-2. There is clear evidence to show that the 
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majority of loss is attributable to the 5o% of flow adjacent to the 
combustion chamber wall. Some results show gains in total pressure for 
the casing wall flow of up to 9%, thus indicating that energy is transferred 
to this region from the flow adjacent to the combustion chamber wall. The 
velocity profiles at Stns. 3 and 4 (see Figs. 4-3-1/3 & 5-2-l for examples) 
indicated that the amount of diffusion is far greater near the combustion 
chamber wall than the casing wall. This is supported by the statio 
pressure distributions given in Figs. 4-4-1/8. The rapid local diffusion 
and radial energy transfer therefore combine to produce a high loss in 
the flow adjacent to the combustion chamber. 
5-3-6 Stability of Settling Length Flows 
(i) Local Instability 
In certain cases where the annulus flow was low, significant 
fluctuations in total pressure were observed in the flow at Stn. 3· To 
assist in assessing the significance of this, the velocity profile was 
measured during two tests (3-1223 and 3-1208) at a plane approximately 
midway between Stns. 3 & 4. This permitted a further breakdown of losses 
end the results are given in Fig. 5-3-3· It can be seen that the bulk of 
loss occurs in the initial region of rapid diffusion and that little loss 
occurs in the downstream section where the change in velocity profile is 
small. In the two low flow cases (3-1223 inner annulus, 3-1208 outer 
annulus) the peak velocity shifts from the combustion chamber wall to near 
the casing wall, whereas in the other two cases all three profiles show a 
steady progression toward more uniform flow. This suggests that the flow 
near the head becomes unstable under certain conditions and a rapid re-
distribution of flow occurs. In assessing this, a suitable criterion for 
the stability of a velocity profile in a radial field is that due to 
Wattendorf(1s). This states that unstable flow is likely to occur if 
d(uR)/dR ~o. Applying this criterion to the profiles measured at Stn. 3 
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indicates that they are potentially unstable under all conditions. 
However, the profiles obtained at low flows are more prone to instability 
as demonstrated by the following examples. 
Test 3-1208, outer (low flow): d(~ R)/dR = -1.95 
Test 3-1223, outer (high flow): d(~ R)/dR = -0.7 
The profiles shown in Fig. 5-3-3 suggest that the effect of such 
instability only becomessignificant at low flows where the corresponding 
pre-diffuser outlet boundary layer is separated. The observed fluctuations 
in total pressure at Stn. 3 indicate that the instability manifests itself 
as an increase in large scale turbulent mixing. It may be noted that the 
flow at Stn. 4 is not affected except in that the profile peak is shifted 
towards the casing wall. In view of the trends in radial distortion of 
the settling l~ngth velocity profiles (see Sect. 4-3 and Appendix 7) it 
c~ reasonably be assumed that the local instability described above also· 
occurs at low flows for the smaller dump gaps. 
Having established the manner in which conditions change with flow, 
it is now appropriate to consider the settling length losses as a function 
of the dynamic pressure at Stn. 3· Results for the outer flow field are 
given in Fig. 5-3-4, where the loss coefficient is defiued, 
5-3-2 
It can be seen that there is a predominant trend of decreasing loss 
coefficient with increasing flow. Calculations show that the mean velocity 
reduction (~d hence by continuity the area ratio, ~/A3 ) does not change 
significantly with flow for a particular dump gap. Thus, the increase in 
loss coefficient (Eqn. 5-3-2) at low flows can be attributed to the increase 
in profile deformation {i.~. radial transfer of momentum) and the increased 
turbulent mixing associated with local instability of the flow near the head. 
---------- --- ---- -- --- -- - -------------------------- - -
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(ii) General Instability 
No general instability of the system (e.g. oscillations of high and 
low flow in the settling lengths) was_ observed during any of the testa 
carried out. It is, however, of interest to consider the "margin" of 
stability for the system. In order to obtain a symptomatic assessment of 
this, the stability parameter put forward by Ehrich(1G) (see Sect. 1-6) 
may be used in the form, 
where¥ is negative for a·stable system and positive for an unstable 
system. T,ypical curves of pressure recovery versus flow are given in Fig. 
5-3-5· It may be noted that the slopes of the curves for the inner and 
outer annuli are both negative over most of the flow range. The pressure. 
recovery versus flow characteristics have been analysed and values of ?I 
determined for a variety of cases. The most significant result of this 
analysis is that the stability margin decreases with increasing dump gap. 
An example of the variation in¥ with dump gap is given in Fig. 5-3-6. 
The decrease in margin at large dump gaps 'is considered to be due to the 
change in the loss versus flow characteristics noted in Sect. 5-3-1. For 
small dump gaps the flow field loss increases with flow thus giving 
relatively high negative values of ~C /oQ. However, for large dump gaps 
. p4 
the loss decreases with flow and values of ~C /oQ are therefore less 
p4 
negative. In order to gain the maximum margin of stability, systems should 
therefore be designed with the minimum dump gap consistent with achieving 
the required performance. 
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Fig 5-1-2 ANALYSIS OF HEAD RAKE DATA. 
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Fig.5-2-1 HEAD STATIC PRESSURE AND VELOCITY PROFILES 
FOR TEST SERIES 4-12. 
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Fig. 5-2-2 OVERALL FLOW FIELD LOSS versus FLOW 
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Fig.5-2-3 OVERALL FLOW FIELD LOSSversusFLOW 
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Fig.5-2-4 OVERALL FLOW FIELD LOSS versus FLOW 
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Fig.5·2-5 COMPARISON OF NET DIFFUSION IN EACH FLOW FIELD. 
TYPICAL VARIATION FOR ALL PRE-DIFFUSER GEOMETRIES AND DUMP GAPS. 
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Fig. 5-2-8 
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Fig.5-3-1 COMPARISON OF FLOW CONDITIONS IN DUMP REGION 
FOR SMALL AND LARGE DUMP GAPS. 
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Fig.5-3-3 SETTLING LENGTH VELOCITY PROFILES AND 
DIVISION OF LOSSES (Tests3-1223& 3-1208) 
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Fig.5-3-4 SETTLING LENGTH LOSSES VERSUS FLOW IN TERMS OF 
LOCAL ENTRY DYNAMIC PRESSURE. 
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Fig. 5-3-5 TYPICAL OVERALL PRESSURE RECOVERY VERSUS 
FLOW CHARACTERISTICS (Diffuser 3 ). 
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS 
6-1 CONCLUSIONS 
Low speed tests have been carried out to investigate the performance 
of a dump diffuser system of overall geometric area ratio 2.0, having 
fully developed flow at inlet. The system was tested with five different 
pre-diffuser geometries to show the effect of increasing the area ratio, 
increasing the included angle and canting the pre~diffuser. For each 
pre-diffuser geometry the influences of varying the flow split and dump 
gap were investigated. In addition to considering the overall performance 
characteristics, the pressure losses for the inner and outer flow fields 
have been determined and the losses further sub-divided in order to 
identify regions of high loss. 
6-1-l Overall Performance 
The influences of flow split and dump gap on the overall performance 
of the system have been established and the optimum operating conditions 
for each of the pre-diffuser geometries have been defined. It was found 
that the symmetrical pre-diffusers produced severely distorted outlet 
velocity profiles when the system was operated at the design flow split and 
this was accompanied by separation on the inner wall for the 1.6 and 1.8 
area ratio pre-diffusers. This was attributed to bad matching of the pre-
diffuser and downstream section geometries. The overall performance and 
pre-diffuser flow stability were improved by canting the pre-diffuser and 
these results have highlighted the need for careful component matching. 
The main conclusions relating to the influence of pre-diffuser geometry 
are summarised as follows. 
(i) Increasing the area ratio for a constant included angle of 12° 
produced improvements in the overall performance at the expense of increasing 
the system length and decreasing the pre-diffuser outlet flow stability. 
(ii) Increasing the included angle for a fixed area ratio of 1.8 resulted 
,------------------------------- --------~--- -
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in a significant decrease in overall performance and pre-diffuser flow 
stability. For the same overall system length the performance and flow 
stability was, under all conditions, inferior to that obtained with the 
1.4 area rati.o, 12° included angle pre-diffuser. 
(iii) Canting the pre-diffuser resulted in a significant improvement in 
flow stability for flow splits close to design and a modest improvement in 
overall performance. It should be noted here that canting the pre-diffuser 
is only advantageous in cases where the overall design flow split of the 
system is significantly different from unity. 
The upper limit of performance for systems having 12° symmetrical 
pre-diffusers has been established and data has been provided which enables 
the optimum dump gap and pre-diffuser area ratio to be obtained for any 
given length of system. The improvement in overall performance obtained 
by increasing the system length is relatively small and may in practice be· 
offset by the tendency toward separation in the pre-diffuser. It has been 
shown that the pre-diffuser flow stability can be improved by decreasing 
the dump gap, however this is not felt to be of very great practical 
importance since it involves a serious penalty in overall performance. 
6-1-2 Division of Losses 
It has been demonstrated that the majority of the overall pressure loss 
can be attributed to the region of local diffusion downstream of the plane 
of maximum velocity over the combustion chamber head. Generally speaking 
the overall loss can be divided between the components of the system on a 
percentage basis as follows. 
Pre-diffuser ................................. 25% 
Dum.p region • • . . • . • • • • • • • • . . • . • • • . . • • • • • • • • . . 15% 
Annuli surrou.YJ.ding combustion chamber • , ••• , , 6~ 
The analysis of losses further showed that the variation in flow field 
loss with flow fraction was dependent upon dump gap. For small dump gaps 
the loss in each flow field increased with increasing flow fraction and 
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vice-versa for large dump gaps. Using the stability criterion of Ehrich(l6) 
it was shown that the stability margin for the system decreases as the dump 
gap is increased. This is directly attributable to the change in loss 
versus.flow characteristics with increasing dump gap. 
In broad terms the results have shown that the critical part of the 
system is the dump region. It is in this region that the flow accelerates 
over the head, thus causing a subse~uent local diffusion and ·the generation 
of a large proportion of the overall los.s. Any attempt to design a low loss 
system must therefore begin with an investigation into methods of reducing 
the acceleration of flow over the combustion chamber head. 
6-2 TOPICS FOR FUTURE RESEARCH 
The present work represents a detailed investigation of the performance 
characteristics of a· simple dump diffuser system geometry. However, there 
·are many factors influencing performance that have not been dealt with in 
the present investigation. The main topics for future research are listed 
below. 
(i) The influence of compressor exit conditions on performance. 
(ii) The influence of head porosity on performance and flow stability. 
(iii) Further investigation of·canted pre-diffusers for the present 
high design flow split system. 
(iv) Determination of the optimum included angle for pre-diffusers. 
(v) The effect of using curved rather than straight walled pre-
diffusers. 
Items (iii), (iv) and (v) would be extensions of the present work. 
Although these are important, it is recommended that further testing of 
different pre-diffuser geometries should be delayed until a better 
understanding of the influence of inlet conditions and head porosity has 
been established. Initially, therefore, the majority of future research 
should be concentrated on items (i) and (ii). 
---------------
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There are three aspects of compressor exit conditions which need to 
be investigated in relation to diffuser system performance, namely, radial 
distortion of the velocity profile, turbulence intensity and stator blade 
wake effects. Of these, radial distortion is likely to have the most 
critical effect upon performance and flow stability. An investigation into 
these effects is already under way at Loughborough. 
The bleeding off of primary-air into the combustion chamber will 
effectively reduce the blockage effect of the head and this should make it 
possible to reduce the dump gap below the optimum values determined by the 
present investigation. However, primary air holes are usually spaced at 
intervals around the combustion chamber head and this will lead to some 
three-dimensionality in the flow and the possibility of pockets of 
separated flow forming in the pre-diffuser. In view of the common 
occurrence of stability problems in engine combustion systems it is 
recommended that a detailed investigation be made of the flow conditions 
in the vicinity of a porous head. 
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APPENDIX 1 . 
SYSTEM AND PRE-DIFFUSER GEOMETRIES 
Fig.AH DIFFUSER SYSTEM GEOMETRY. 
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Fig. A1-2 PRE-DIFFUSER GEOMETRIES. 
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NOTE: Stn.2 located 2·5 mm upstream 
of pre-diffuser outLet plane. 
TABLE OF DIMENSIONS (MM) 
Diffuser L hOJtlet 
R R rjo rjo eo 
No. ~tlet oouUet i 0 
1 72.49 53.34 208.28 261.62 6.00 6.00 0 
2 108.76 60.96 204.47 265.43 6.00 6.oo 0 
3 145.01 68.58 . 200.66 269.24 6.00 6.00 0 
4 96.22 68.58 200.66 269.24 9.00 9.00 0 
5 108.56 59.72 211.48 271.20 2.33 9.00 3.33 
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APPENDIX 2 CALIBRATIONS 
A£:1. INLET CONDITIONS 
(i) Velocity Fluctuations 
During preliminary running of the test rig low fre~uency fluctuations 
in flow were observed at the inlet· station. The fluctuations were reduced 
to an acceptable level by modifying the intake flare. Typical dy~c 
pres.sure traces obtained with the original and modified intakes are shown 
·in Fig, A2-l. The velocity fluctuations were reduced from approximately 
.± 2% to ± ~ and the circumferential symmetry improved from ± 3% to ± 1%. 
(ii) Influence of Downstream Conditions 
Two tests were carried out to assess the influence of flow split on 
the inlet velocity profile under extreme conditions (see Fig. A2-2). The 
variation in profile was considered to be within experimental error. No 
detectable difference in static pressure between the inner and outer wall 
tappings was observed under either condition and it was concluded that the 
inlet conditions were effectively independent of downstream conditions. 
A2-2 PRESSURE PROBE C~~IBRATIONS 
(i) Pitot Probes 
The pitot probes were calibrated against an N.P.L. standard pitot-
static probe in a low speed wind tunnel. The probes were found to be 
, accurate to within 1% of free stream dynamic pressure at zero incidence 
and to within 3% at an incidence of 10° (considered. to be the maximum which 
would be. encountered. at pre-diffuser exit). 
(ii) Wedge Static Probes 
The miniature wedge static and pitot/wedge static combination probes 
were constructed according to designs developed by Girerd & Guienne( 19) 
and Morris(21 ) respectively. The wedge statics were assumed insensitive 
to changes in flow direction in the plane of the wedge but were calibrated 
for changes in incidence perpendicular to the wedge (see Fig. A2-3). 
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It was considered that the probes could be align~d with the flow to within 
+ o, 
+ 3° and over this range the maximum error was _ 3~. In view of the small 
errors and the likelihood that high turbulence in the pre-diffuser exit 
-
plane would produce higher readings, no corrections were applied to·the 
experimental measurements. 
(iii) Head Rakes 
The accuracy of the outer annulus head rake probes was checked by 
comparing readings with those taken from pitot and wedge static probes 
traversed in the same plane. A sample set ·of data is given in Fig. A2-4 
from which it can be seen that the measurements are in good agreement • 
. The static pressure traverse measurements were used as a basis for 
determining a suitable curve fit for obtaining the static pressure profile 
from the three static pressures normally measured. 
1·or-:-------=::::::::==-1 
0·5 
N-O DISTANCE FROM HEAD y,/h;~ 
A suitable equation for non-dimensional static pressure difference 
(see diagram above} was found to be, 
A2-l 
where the index, n is determined from the wedge static pressure 
reading, t>pwe such that, 
n = log 
APwe (l - Ap )/log (a) A2-2 
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The static pressure profile calculated from Eqns. A2-l/2 is shown 
in Fig. A2-4 and it can be seen that it agrees closely with the traverse 
data. 
A2-3 P~DIFFUSER OUTLET CONDITIONS 
Comparative measurements of the outlet velocity profile were carried 
out for Test 1-1026/CT using three different methods: 
(i) separate pitot and wedge static probe traverses 
(ii) pitot/wedge static combination probe traverse 
and (iii) D.I.S.A. constant temperature hot wire anemometer traverse. 
The results are compared in Fig. A2-5 and it can be seen that there 
is good agreement between the data. The circumferential symmetry of the 
.velocity profiles (see Fig. 4-2-1) and the static pressure profiles (see 
Fig. A2-5) was considered excellent. The circumferential variation in 
static pressure was ~i%q1 for the inner wall and± £%q1 for the outer 
wall. Integration of the mean velocity profile indicated an excess in 
volume flow relative to that calculated at inlet of + 2.6%, this beine; 
consistent with the higher level of turbulence in the pre-diffuser outlet 
plane. On the strength of these results it was considered sufficient to 
take traverses at only one circumferential position for the majority of 
tests, but to check the circumferential symmetry for each new pre-diffuser 
geometry. 
A2-4 . SETTLING LENGTH CONDITIONS 
The velocity profiles in the inner and outer annuli were measured at 
various circumferential positions as shown in Fig. A2-6. It was only 
possible to traverse in the inner annulus by means of the special traverse 
gear (see Fig. 2-2-1), however two three-probe rakes were provided in order 
to check the symmetry of flow. In view of the good symmetry, and the 
near-uniformity of flow (see Fig. A2-6), it was considered sufficient to 
measure the velocity profile at one circumferential position for each test. 
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The circumferential variation in static pressure was ± 1% q1 in the inner 
annulus and ± lk% q1 in the outer annulus. It was therefore decided that 
the inner and outer annulus static pressures at the three circumferential 
positions should be measured in order to obtain mean values for each 
test. 
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Fig.A2-1 COMPARISON OF INLET DYNAMIC PRESSURE FLUCTUATIONS. 
Tr.aces taken on Sanbourn recorder with same instrument damping to 
show low frequency fluctuations. 
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Fig.A2-3 WEDGE PROBE CAt.l BRATIONS. 
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Fig.A2-6 SYMMETRY OF SETTLING LENGTH 
VELOCITY PROFILES. 
(NOTE LARGE U/tf SCALE) 
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. APPENDIX 3 SAMPLE REAJliNGS AND REDUCT:WN OF DATA 
A sample set of readings for Test 3-0718/A is reproduced in Tables 
A3-l/5· The measurements of the static pressure distribution have been 
omitted since they are not used in analysing the performance of the system. 
Analysis of the velocity profiles and other data re~uired for input to the 
analysis programs is dealt with in this appendix and a description of the 
computer programs and calculation procedures is given in Appendix 4· 
A3-l PRE-DIFFUSER OUTLET PROFILES 
For the test being considered the pre-diffuser outlet velocity and 
static pressure profiles were measured using the pitot-wedge static 
combination probe. The dynamic pressure measurements were made using the 
wedge static pressure as a reference and supplementary measurements were 
made near the outer wall using a pitot ,probe, the readings from which were 
referenced to the outer wall static pressure (see Table A3-l). The static 
pressure profile was measured by making a second traverse of the combination 
probe, the readings from the wedge static being referred to the outer wall 
static pressure (see Table A3-2). 
The first step in analysing the data was to plot the static pressure 
profile as shown in Fig. A3-l(a). A correction was then applied to the 
measured dynamic pressures for the error in static pressure due to the 
radial displacement of the wedge static and pitot probe measuring planes. 
As an example, a correction of -0.4 mm w.g. was made for yijh2 = 0.697 as 
illustrated in Fig. A3-l. A similar correction was applied to the readings 
taken with the pitot probe. Values of (u/U) were then calculated as 
u/U = .Jv~J where <iznax=30.5 mm w.g., and plotted as shown in Fig. 
A3-l(b). 
A3-2 HEAJl RAKE DATA 
The data obtained from the inner and outer head rakes is given in 
Table A)-3. All pressures were measured relative to the statio pressure 
~----------------------------------------------~--------1 
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on the surface of the head, PR• The value of (pH - p1) was also measured 
for each case. The data was plotted before continuing the test (see figures 
accompanying Table A3-3) in order to check that the measurements were 
mutually consistent (i.e. that the data lay on smooth curves), A value of 
(P- pH) for y-gih3 = 0 was estimated for each profile. It was found that 
such values were required in order to obtain realistic curve fits for the 
velocity profiles. Whereas the wall velocity must be zero, it is not 
considered that any significant error was introduced by assuming it to be 
non-zero since the velocity gradient near the wall was extremely high (see, 
for example, the more detailed data of Fig. A2-4). 
!2:2 SETTLING LENGTH VELOCITY PROFILES 
The traverse data for the settling lengths is given in Table A3-4· 
All total pressures were referenced to the wall static pressure in the 
traverse plane. Since there W3re no static pressure gradients across the 
annuli, values of u/U were calculated directly from the measured dynamic 
pressures and the non-dimensional velocity profiles plotted as shown in 
. Fig. A3-2. 
!2:! STATIC PRESSURES 
The wall static pressures at the three circumferential positions were 
measured at pre-diffuser outlet and in the settling lengths as shown in 
Table A3-5· Mean values of (p - p1)/i-p ii12 were calculated ready for input 
to the performance analysis program. It may be noted that the mean static 
pressure difference across the pre-diffuser outlet plane of (22.5 - 19.3) = 
3.2 mm w.g. agrees with the value shown in Fig. A3-l. 
~ PREPARATION OF DATA FOR COMPUTER ANALYSIS 
(i) Velocity Profiles 
The velocity profiles were prepared for analysis by tabulating values 
of u/U at equal intervals of yijh across the velocity profile. Each boundary 
layer was treated separately, the number of values of u/U depending upon the 
boundary layer thickness. The number of points taken for each complete 
I 
I 
I 
I 
I 
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profile are given in the table below. 
Number of Points used for Computer Analysis of Velocity Profiles 
Number of Step Distance Step Distance 
Points 6.y./h mm (ins) 
~ 
Inlet Profile 75 0.01~~ 0.508 (0.02) 
Pre-diffuser 50 0.020 Dependent upon 
Outlet Profile annulus height 
. 
Settling Length ~0 o.o~~ 1.270 (0.05) 
Profiles 
A sample table of data taken from Fig. A3-l for the inner boundary 
layer- is given below. It may be noted that the first tabulated value is 
for yi/h2 = 0.01 (i.e; half the step distance from the wall). 
Tabulated Data for Inner Boundary Layer at Pre-Diffuser Outlet 
Y/h2 .01 .03 .05 .07 .09 ..... .55 ·57 .59 
u/U 0 .020 .065 .105 .150 ..... ·987 ·997 1.00 
. 
(ii) Pre-diffuser Outlet Static Pressure Profile 
The pre-diffuser outlet static pressure profile was treated in the same 
manner as the velocity profile. The data was supplied as a table of 50 values 
of. (p -p ) in mm w.g. together with a value of ttJu1
2 for reference 
W0 2 I 
purposes. 
(iii) Additional Data 
Apart from specifying the geometry, there were two additional groups 
of parameters re~uired for analysis of the system performance, These were: 
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(a) The velocity ratios, u2ju1 , u4 _ju1 and u4 ju1 as given in Tables l. 0 
A3-l/5. These parameters were required in order to calculate the 
volume flow at each station. from the non-dimensional velocity 
profiles. 
(b) The mean statio pressures for the outer wall at Stn. 2 and in the 
settling lengths (Stns. 4i & 40 ). These were input as the values 
of (p - p1)/fi{ii12 given in Table A3-5· 
(iv) Head Rake Data 
The head rake data was analysed by a separate computer program, the 
input data being the measured pressures as listed in Table A3-3· 
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TableA3-1 PRE~DIFFUSER OUTLET TRAVERSE DATA: TEST 3-0718/A 
I DI'ITE: 2/5/72 I T0 = 299°K I p0 =757 mm. Hg.j fpu;= 54·8 mm.w.g.j 
yi /h2 C\.obs 
Displacement 
qcorr 
(u)2 correction COMMENTS mm.w.g. mm.w.g. mm.w.g. . 
·005 0 - 0 0 } Separation 
•009 0 - 0 0 
confirmed by 
woot tuft 
·015 0 ·- 0 0 observations 
•024 0·05 - 0·05 •040 
·042 0·1 - 0·1 ·057. 
•060 0•2 - 0•2 ·081 
·078 0•5 - 0•5 •128 
•11 5 1. 5 - 1 ·5 ·222 
·1 51 2·4 - 2•4 •280 
·187 4•3 - 4•3 •375 
·224 6·2 +0·1 6•3 •454 I 
·260 9·6 +0-1 9•7 ·564 PI TOT-WEDGE 
·296 11 ·8 +0·1 11.9 ·625 STATIC COMBINATION 
•333 1 5·5 +0·1 15•6 •71 5 PROBE 
·369 18•2 - 18·2 ·772 
. 
•406 21.3 - 21 ·3 ·836 
•442 24•0 - 24·0 •887 
•478 26 ·6 -0·1 26•5 •932 
•515 28·5 -0·2 28•3 ·963 
·552 30·0 -0·2 29·8 •988 
·588 30•8 -0·3 30·5 1•000 
ft=j30·51 
•624 3 0· 5 -0·3 30•2 ·995 u1 54·8 
·660 2 9 ·5 -0·3 29·2 ·978 
=0·746 
•697 27•5 -0·4 27•1 ·943 
•733 25•5 -0·4 25 ·1 ··907 
·768 23·5 -0·4 23 •1 ·870 
·806 21 ·0 -0·3 20·7 •824 
·842 17'4 -0.·2 17·2 ·751 
•878 13•5 -0•2 13·3 ·660 
•914 10•0 -0·1 9•9 ·570 
·922 9·5 -0·2 9•3 ·552 
·940 7·9 -0·1 7·8 '506 
·958 6•3 - 6·3 ·454 
·976 5•1 - 5 ·1 •409 PI TOT PROBE 
•985 4•2 - 4·2 •371 
·991 3·3 - 3·3 •329 
•995 2•8 - 2•8 ·303 
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Table A3-2 PRE-DIFFUSER OUTLET STATIC PRESSURE TRAVERSE 
DATA FOR Test 3-0718/A. 
Yilh2 (P-t-\..,0 )2 
mm.w.g. 
DATE: 2/5/72 
0•033 3·3 
0·073 3· .1 ·. ipU: = 54·8 mm.w.g. 
0•145 3·3 
0•218 3·5 
0•291 3·7 
(Pw.-Pw)= 3·2 mm.w.g. 
' 0 . 
0•3G4 4•0 
0•437 4 ·1 
0·509 3•95 
0·582 
0•655 
0•728 
3•4 
2•75 
1 •9 
TRAVERSE DATA FROM WEDGE 
STATIC ELEMENT OF 
COMBINATION PROBE 
0·800 1 ·1 
0·873 0•4 
0·945 0. 1 
Table A3-3 HEAD RAKE DATA FOR Test 3-0718/A. 
1/ _,:""-:t··---·-. .. . .-----'- ~'--- f-'+··-
. -.. ·-------~===w~ ml-Ennm.w.g. ___ . ___ _ '- ___ 0:-
:..:::J:.__:-.:.::_ :-:.:-:-E~=--- -- ~;:-f..:_::::- .;:·:-:TF..c::;:£ :-·mrr~-w.g. f-- _. - -----; . . . . . . . . . . 30-
·~ •+,.--...- .... l--·- l'- 1'1<) .... c-7-cr+..... :---;g·-' --~r:=~~=~-- ::_~:~r~z.~ =ffiiJ:IfE- -~~;~~ -~t:_. iE16 . 
0 0·2 0•4 0·6 0•6 1·0 YH/h3 _ ___,_ 
tf'U,2 =4 9·5 mm.w.g. 
INNER 
yH/h3 COMMENT 
(P- pH) 
mm.w.g. 
0·0 Estimated 29·5 
0·047 Pi tot 29·5 
0·140 » 26·0 
0·280 » 21· 3 
0·510 
" 
14·7 
.. 0·210 Wed9.e stat1c 6•6 
1·000 Static 11 . 5 
OUTER 
YH/h3 COMMENT 
(P- f'H) 
mm.w.g. 
0·0 Estimated 39•0 
0·047 Pi tot 43•6 
0·140 » 42·5 
0•280 
" 
32·4 
0·510 If 16·0 
0·210 Wedge 
static 9·0 
1•000 Static 14·9 
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Table A3-4 SETTLING LENGTH TRAVERSE DATA FOR 
. , TEST 3- 0 718 I A . 
INNER ANNULUS OUTER ANNULUS 
Y/h4- P- Pw (~) . P-pw (~) COMMENTS mm.w.g. mm.w,g. 
0·013 8·3 0·707 6·0 0·722 Traverse from 
0·027 11·6 0·836 8·0 0·834 inner wall 
0·047 14•0 0·9.18 9·4 0·904 
0·067 15·3 0•960 10·1 0·937 
0·100 16·0 0•982 10·9 0·974 
0·1 67 16•6 1•000 11·2 0·987 ~~:~ =0·550 
0~267 16·3 0·991 11·5 1•000 
0·367 15·9 0·979 11·5 1•000 (~) :=0·458 
0•467 15·5 0·966 11•2 0·987 
0·987 6·2 0·611 4·0 0·590 Traverse from 
0·973 9·4 0-752 6·7 0·763 outer wall 
0·~53 11·1 0·818 8·2 0•844 
0·933 12·0 0•850 8·8 0•875 
0·900 13·0 0·885 9·5 0·909 
0·833 13·9 0·915 10·1 0·937 
0·733 14•4 0·931 10·4 0·951 
0·633 14·8 0•944 10·6 0•960 
0·533 15·1 0·954 10·9 0·974 
0•433 - - 11·3 0·991 
Table A3-5 KEY STATIC PRESSURES AT STATIONS 2 &4 
FOR Test 3-0718/A. 
- ffUi2.'=54·8 mm.w.g. 
RED BLUE GREEN MEAN AM -2 
.,pu, 
~2.- P, 22·1 22•4 23•0 22·5 0·5367 
~20- P1 18·7 19.•3 19•9 19·3 0•4603 
~4-C ~ 17·9 18•9 19·4 18•73 0•4467 
P~t-0- P, 26·1 26·7 27•0 26·6 0·6345 
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Fig A3-1 PRE-DIFFUSER OUTLET PROFILES FOR Test 3-0718/A. 
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Fig.A3-2 SETTLING LENGTH VELOCITY PROFfLES 
·.fOR Test 3-0718/A. 
~ H~:+t 
0'6' ' ~ 
fff 
0 0·2 
1·0-~+~·~ 
Fftt~~· • '. 
tti ' 
''' 0·9 ' 
' 
0·8 
0·8 
-"' 
t-@....,..' ,~,__.__,~~ 
, f-F-'"" :-.:c --- ,--,-,-t-t+i--, ~ , 
, , , -~ ~:-+·r~-
'' ' 
'':' '-H-+ 1-4+-' 
I I,· 
''' 
' -+t-
1·0 
' ·t-
-184-
APPENDIX 4 ANALYSIS OF DATA BY COMPUTER PROGRAM 
Six computer programs were used for the analysis and plotting of data, 
the main functions of which are shown in Fig. A4-l. For convenience the 
programs are numbered Pl to P6. The two analysis programs (Pl and P4) 
provided all of the data on the flow and performance characteristics for 
each test. Apart from printed output, data was also output from the main 
analysis program (Pl) on punched cards to provide a convenient method of 
obtaining data in summary form (via the selective print program, P2) and 
.to provide the necessary input data for Program P4 to calculate the losses 
between Stns. 2 & 3 and 3 & 4 from the head rake data. The remaining 
programs were used mainly for graph plotting and it is not considered 
necessary to describe them in detail. The only point of interest is the 
method of curve fitting employed in Program P3 for deriving the performance 
· contour maps and this is described in Sect. A4-3· 
All the programs were written by the author in FORTRAN IV language. 
The programs were run on the Loughborough University I.C.T. 1905 computer. 
M:l MAIN PERFORMANCE ANALYSIS PROGRAM (Pl) 
A flow diagram for the main performance analysis program is given in 
Fig. A4-2 and a listing of the program is reproduced in Table A4-2. A list 
of the principal variables used in the program is given in Table A4-l. The 
"WRITE" statements have been edited from the program listing in order to 
save space. It should be noted that several parameters have been re-named 
since the program was written (see Table A4-l) and that the present Stn. 4 
is denoted Stn. 3 in the program, 
The boundary layer, vEiloci ty profile and performance parameters were 
calculated according to the definitions of Table 1-4 ·and Sect. 1-3· 
Integration of the velocity and static pressure profiles was carried out 
using subroutine "INTEGRAL". This subroutine calculates the integral of 
the desired quantity (e.g. ~Rm (u/U) 3 R dR) in a series of steps across the 
Ri 
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annulus. A parabola is fitted through each successive group of three 
values (using subroutine"FIT 3") and the analytic integral is obtained 
for the curve between the first two points. This is repeated for successive 
steps until the required integral is obtained. This method was chosen since 
it facilitated easy determination of integrals between any specified radii 
(i.e. radii not necessarily corresponding with the tabulated data 
representing the profile to be integrated). This was necessary in order 
to accurately determine the stagnation streamline radii in the pre-diffuser 
(using subroutine "SPLIT MK 211 ) and hence the flow field velocity profile 
and performance parameters. Subroutine "FIT 3" is a general purpose curve 
fitting routine which calculates the coefficients c1 , c2 and c3 in the 
equations for curves of the form, 
In the case of Cll.lls to "FIT 3" from "INTEGRAL", El = 0, E2 = 1 and 
E3 = 2 (i.e. a parabolic curve fit is used). 
It is not possible to give a complete set of calculations as carried 
out by Program PI, however some of the more important calculations are given 
in Table A4-3 to demonstrate the use of the equations of Sect. 1-3· 
Reference is made to the appropriate parts of the program by means of the 
line numbers (see Table A4-2). The sample Calculations are relevant to 
Test 3-0718/A and a complete set of results is given in Table A4-4· 
M::S, . RE:A1l RAKE DATA ANALYSIS PROGRAM (P4) 
This program was used for initial analysis of the head rake data·and 
further division of the losses between Stns. 2 & 3 and 3 & 4. There were 
also two optional routines available to the program, the first for further 
sub-dividing the losses in the settling length and the second for plotting 
the velocity and static pressure profiles calculated by the program from 
the head rake data. A flow diagram for the program is given in Fig. A4-3. 
The method of analysing the head rake data has been dealt with in Sect. 5-1-2 
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part (iii) and Sect. A2-2. The curve fit used for the static pressure 
·profile is given by Eqns. A2-l/2. 
Further analysis of the system losses was facilitated by inputing 
data on cards output by Program Pl. The local losses were calculated as, 
<\_b) 
Local 
where the suffices 'a' and 'b' refer to parameters for the planes 
between which the loss was calculated. The method of calculation was 
substantially the same as that used in Program Pl and the same subroutines 
were used for the necessary integrations. A sample set of output data from 
the basic program is given in Table A4~5 for Test 3-0718/A. 
M:.i PERFORMANCE CONTOUR MAP ANALYSIS PROGRAM (P3) 
The operation of Program P3 is illustrated in Fig. A4-4. The input 
- "' data consisted of values ofA1_4 and ~4 obtained from tests with each pre-
diffuser geometry. A least squares parabolic curve fit was used to interpolate 
along each constant Djh2 curve to obtain the performance figures at small 
intervals of Q0 • Interpolated values along each constant Q curve were then 0 
obtained using a curve fit of the form, 
cl 
p = (D/h2) + 02 (D/h2) + 03 
where p = ~-4 or (1 - ~4) .as appropriate, and c1, c2 and c3 are 
constants. This curve fit was found to correspond.closely with the observed 
variation in performance with dump gap (see for example Fig. 4-1-9). The 
remainder of the program consisted of the necessary logic and plotting 
instructions required to obtain the performance contour maps in a suitable 
form. 
I 
I 
I 
-
EXPERIMENTAL MANUAL ANALYSIS 
MEASUREMENTS AND PLOTTING 
(CAROO (CARDS %,ARDS 
IPGl [B]_ ~ [P2] 
STATIC PRESSURE HEAD RAKE DATA SELECTIVE 
DISTRIBUTION ANALYSIS ANALYSIS AND PRINT PROGRAM 
AND PLOT PROGRAM PLOT PROGRAM 
I . 
SUMMARY OF DATA 
. 
' 
see· App. 9 & 10 VERSION 2. 
VELOCITY & STATIC PRESSURE 
PROFILES AT Stn. 3, UJMP IP3l 
.VERSION 11, PERFORMANCE CONTOUR REGION LOSSES & FURTHER 
\ DIVISION OF SETTLING LENGTH MAP ANALYSIS AND GRAPHS LOSS (see Table A4-5) PLOT PROGRAM see App. 8 
~ 
' 
GRAPHS from whioh 
GRAPHS GRAPHS Figs. 4-5-1/5 were 
see-Figs~4-~1/8 see App. 6 reproduced 
Fig.A4-1 MAIN FUNCTIONS OF COMPUTER PROGRAMS USED 
CARDS 
rP11 rP51 
MAIN PERFORMANCE VELOCITY PROFILE 
ANALYSIS PROGRAM PLOTTING PROGRAM. 
I 
GRAPHS 
see App. 5 & 7 BOUNDARY LAYER & VELOCITY 
PROFILE PARAMETERS, PRE-
I 
.... 
0> 
~ 
DIFFUSER AND OVERALL 
PERFORMANCE PARAMETERS 
DIVISION OF LOSSES FOR 
EACH FLOW FIELD. 
(see.Table A4-4) 
-\0 
FOR DATA ANALYSIS. I . 
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Fig. A4-2 FLOW DIAGRAM FOR MAIN PERFORMANCE ANALYSIS PROGRAM (P1). 
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I 
I 
I 
I 
I 
I 
I 
L 
I READ DATA INTO ARRAYS I 
______ ] _______ . 
I BOUNDARY LAYER PARAJ1ETERS I . 
~ I I 
I INTEGRATE ~t r;rrf, (~) I 
I 
+ 
I 
I I u s .. 
I 
CALCULATE U' , e, H, oc: • I 
FOR EACH BOUNDARY LAYER I I I I CALCULATE VELOCITY PROFILE PARAMETERS I 
I AND VOLUME FLOWS I 
L-----· r- -· - -- -- ___j 
I CONTINUITY CHECK I 
• CORRECT VELOCITY RATIOS TO SATISFY 
CONTINUITY AND CALCULATE FLOW SPLIT 
INTEGRATE STATIC PRESSURE PROFILE TO OBTAIN Cf 
P2 
~ I CALCULATE OVERALL PERFORJ.IANCE PARAMETERS I 
------L-----SPLIT FLOW 
• ITERATE TO OBTAIN POSITION OF STAGNATION 
STREAMLINES IN THE PRE-DIFFUSER 
. 
~ 
INTEGRATE TO OBTAIN STATIC PRESSURE AND VELOCITY 
PROFILE PARAMETERS FOR EACH FLOW FIELD 
' I CALCULATE FLOW FIELD PERFORMANCE PARAMETERS I 
-r-
I OPTION I,_ - - ... OUTPUT S 
I 
___J 
ELECTED DATA 
CA RIB ON PUNCHED 
;-- - --- - - _j 
I END I 
-189-
TABLE A4-l LIST OF PRINCIPAL VARIABLES IN MAIN ANALYSIS PROGRAM 
AA. • • • • • • • • • area, A/rr 
ANG 
AR 
......... 
......... 
angle of traverse plane to rig axis (= 0 in this program) 
area ratio 
.ARE]' •••••••• 
ALPHA, ALFAM, 
ALOSS ...... 
effective overall area ratio, 
ALFAS • , , ex. (boundary layer, 
loss coefficient AP/q1 
AR 
e 
velocity profile, flow field) 
ALOS, ALS ... 
:BLOS, :BLS ... 
CP ......... 
flow field loss coefficient referred to q1l or q10 
flow field loss coefficient referred to q1 
pressure recovery coeff. referred to q1 or q1 
CPI2, CPI3 ,, ideal pressure recovery coeffs. 
DR* ••••••••• step distanc~, ayL 
1 uz · DYNm. ••••••• ;ap 1 mm.w.g. 
ETA* , , , , , , , , effectiveness, f: 
MTEST 
NPTS 
....... 
....... 
P2 .•.......•. 
PRO:B ....... 
Q •••••••••• 
number of tests to be analysed 
number of u/U values for each boundary layer 
(p - Pw)z mm. w.g. 
%probability of error in settling length volume 
volume flow, (u/U) x (A/rr) 
· QREL .. .. .. .. Q/~ x lOo% 
RQ* 
RU 
RW 
......... 
......... 
.......... 
flow split ratio, S 
ratio of maximum velocities, U/U1 
wall radius 
S, SUM,,,,,, numerical integral of specified parameter 
SK* 
UND 
......... 
......... 
velocity profile radial distortion factor, RD 
value of u/U for velocity profile 
flows 
UM, DSTAR, THETA, H .. , boundary layer parameters, u/U, S*, 9 , H 
W •••••••••• indicator (1 =inner wall, -1 =outer wall) 
1 
2 
3 
I 
0 
Subscripts {last character(s) of variable names) 
.......... 
.......... 
.......... 
•••••••••• 
•••••••••• 
inlet station 
pre-diffuser outlet 
settling length (Stn. 4 in present terminology) 
inner 
outer 
S, STAR ,,,,, parameters for each flow field 
TOT ••••••••• total for each station (e.g. area, volume flow) 
* Notes The symbols representing these parameters have been changed since 
.the program was first written (Nov. 1971). 
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TableA4-2 LISTING OF MAIN PERFORMANCE ANALYSIS PROGRAM 
. ( PROGRAM P1 1 LANGUAGE: FORTRAN IV) 
---·----MA SfF-·R··--r;·J-F-t: us f: R- ·p(R FoR-M A NeE 4NA.L v·s iS---~--Ks·--------------------·-----·- 001·-
=--:-c:-;·.: * * -----·--·--··-·-- CA L CS. RE V I SE 0 A CC 0 R 0 IN G T 0 NE 1.1 S VS T ii.i:-_:_:::-:-f4/1-177'f:·=--- =- 0 0 Z 
___ Cu*•- _ --~ ___ 1/P 1 0/ P F0Rt1ATS REV I SED H 15172, _______ _ ___ 00.3 
____________ niMENSION UNO( 80 18) 1P2C8014l ,pl/(8014) __________ ~------004 
OI~ENSION NPTSC8liDRC8),RW(8l,U(8l,DF.L(8),AA(8)1DELR(8) 005 
-----=:-- 0 I ~ENS I 0 N U rH 8) , D S TAR ( 8) 1 THETA ( 8 ) , H ( !l l , A LP HA ( 8), Q C 8 ) --===-...:::.::~:__-:-o 0 6 ::: ~ 
_________ 0 P1E t.J SI ON NPTOT( 8) 1 A TOT ( 8) 1 UM11 ( 8), QTOT ( 8), AtF HI ( 8) _________ 007 __ _ 
----·- 0 P1Et.JS l ON CP ( 8), RU (8) I RSTAR(3) I QRS (3) I ERR0J!(3L_______ 008 
________ DP4ENSION ASC4) 1NPS(/,) 1CP$(4) •ALFAS(4) ___ ·_ _009 
_____ DIMENSION UI·IS C 4) 1 C PS S ( 8), RUS (iD __________________ ;__ _ --'------01 0 
_____ D I ~lE t.J SI Or.! Q RE lC 8) , !) IS r, ( 8) 1 R T R U (4) , F RA eJ ( 4) ___ 0 1 1 
-·-------~-DIMENSION RAS(8) . ___ ------------------- OH 
------- C0~1t-ION ICPOilATAIT(S, 20) I P(30I 20) ------ -- ou 
------ CO'-IMON I CPOB FIB ( 25 I 20), F ( 15 I 20)___ --OH 
_________ CO"'~~ON ICPOHPIHPC11r20)__ 015 
_ __: _________ C 0 M~10"l I I~ EA N IUM ...... ___ . 01 6 
___ NM"'O. ............ ·---· _ _:_017 
___________ R EA D ( 1 , 1 1 ) M T E S L 0 1 8 
------... 1LFOR'~AT C!Ol ----. ---019. 
__ DO 1 J !'1 , 2 . _ ---------- ----------· . ---020 --
--------- RE AD C 1 , 6 l . N PT S ( J) r D R ( J ) , R W ( J) , W ( J) , DEL ( J )__ ----- 0 21 . 
____ , _____ RF.AD n ,8) CllNO(J 'J) .J;=1 1NPTS(J))_ --022 
._ __ LCONTtNUE______ ·----· ----023 __ __ 
_________ _:___ J 1 "1 ---------- _, 0 2 4 
------J 21:12 -- ' ----------' --------- ---·-- --- ______ , ___ ,__________________ -0 2 5 ---
_____ bF.Lilc1 ):;RU(2)..RW(1 L ___ .. ____ 026. 
-------- DElR c2l=DELRCU ------027 
1-'-'---- GO TO 1 0 ____ ------- -------'-028 
_____ .. LCONT.INliE -------- 029 
- .. 00.1001 K=1,t1TEST --------- ____ : .. 030 
_ .. , ______ ,, .... '"'""RE~ D (, , 2) 0 0 R , A RAT I fi'J G I K A 0 I K B I I R !lA 0 3, 
____ _2 __ FORM .. AT C3F0.0,2lOrFO.OL ... 03Z 
______ 1/RIH ••••• 033. 
_____ R r; AD ( 1 , 5 l !l I N , TEMp 1 BAR 0 0 3 4 
__: ____ s. FORIH T (3 FO, 0) __ ------ __ 03 5 
--.. -·---PIN:RARO•I .12~Q1NI13.6. ___ 036 .. 
1--;__;__. --- RH 0 S T= 1 • 2 2 2 ... ----· ---· ----0 3 7 
1---------RH0RaPliH·288.1760,/TEIIP--- ------038. 
1---J-----RHD:P,IIOSHRHOR --------- 039 
______ VISC:Q,00001455 ___ 040 
VIN:SQRT(19.62•QIN/RH0)___ ~0~1 
----- .. PR O:BA RO /7l-0. . .. -------· -042 __ _ 
•------'----RE!lfl:3,0•0.0254•VIN/VISC 043 _,-
. . ____ 1/RIT~ , • , • • . 044 _ • 
---.. -DO 12 J=3,8 ------------ --045 .... 
----RH!:\ (1 ,6) NPTS(Jl 1 0R(Jl ,RW(J) ,W(J) 1 1\El(J). -----046 
6 FOR 'lA T (I?. I 4 FO. 0) ... ····------·--------·----·--------------- """ 04 7 
R F.4 D (1 , Ill (UN D (I, J) .I 111 , N PT S ( J)) __ --. _----------- --··------------·------ 0 48 
.. __ 1\ FORMATC100F0,0) .... ___ ------------------------------------------------·· 049 
12 CONTINUE 050 
_ D 0 1 ~ J :o1 , 8 • 2 . . --:·~-===--====~====.:...::::=~=:.:=====~:_: =--~ 0 51 
__________ OFLRCJl=RW(J+1 ).,RW(J) _________ 05i! 
_______ . Oe\.RCH1 )aDELR(J) _______ 05:5 
15 CONTINUE 054. 
----------~-----.,----.,....-----,----··· --
-191-
Table A4-2 LISTING OF PROGRAM P1 (Cont'd) 
::::_:::-_-_ c-;;;;·.f,--- .. -------i-ii!Ti AfE -il-oiTN_I>_A Ji'( i,Ave ~~-CAlCS-~-- o 55-::---~ J, I! 3 - ------------- -0 56 
·---~--- .. J21! 8 - -- ----- ------ -0 57 . 
_____ JO. DO 30 J::J1,J2,2__ -~--056 
·--'------------JKIIIJ+1 .. __ . . ...... ------·------- ~-· ________ 059•··-· 
______ liP TOT (J l=NPTS (J) +NPTS CJK)_ ______ - ___ .060 _ 
:_ __________ NP!!NPTS ( J) +1 ... _ -·------ ' _Q6L_ 
t 
___ ._____ D0 .. 50 I=NP,NPTOT(J)_____ _ __ 062 ..... . 
==-. ~-~=--- ~~~ ~ ~ i~J: ~ [,~ ~ ( ~; J K) ----- ---g~~--1 
_________ 50 C 0 N T I N V E _ -------- ____ .0 6 5 : 
- ___ DO 51 lo;1 •NPTOT(J)_______ 066 . 
------------ taN PTOT ( J) t1 ~I 067 
______ UNO(! ;JKl=!HJD(L,J).__ _068 
_______ 51 CONT!NUF. ____ _ __ 069 -
_______ 30 CONTINUE ------------------------ ____ 070. 
---------·-----DO 501 J = J 1 I J 2 - -----------0 71 
------- N=fiPTS(Jl ------- .----- 01'2 . 
-~-------DR1 =oil (J l ___ _ :__ ___ 07:$ .. 
------- RW1 =R~I(J). ____ ----···-··074. 
-----.-· W1!!WtJ) 075 
-------------X" FloAT ( N) -----·--- g~ 
____________ RH !'RW1+W1•X• DR 1 _ ------------ _ ---------------------------
___ CltU!t__ ______ __ FORMULATION OF INTEGRAlS, . _________________ 078 
-----···---- c A L L 1 N re G RA L n 1 o , N 1 • R w1 1 R M 1 s u M 1 , uNo • a o , s , o R 1 , R 1.11 , w 1 , o • o 1 J > o 7 9 
'---,---CALL !NTEGRALCZIO,N1 1Rioll 1PM1SUM21UNll1 80,8,1lR1 tRW1 d/1 ,Q,OIJ} 080 
----·----·---CALL !NTEGilALC3101N1 1Riol1 IRM,SU0.,3,!JNOI 80,8,DR1 1 Riol1 tlol1 ,O,O,J) 081 
___ Cu-u_ . _. __ __ CALCULATE B"L PARAMETERS, . _082 
______ ... AA (J l aiJ1• (Rt1H2, "RW1••2. )__ ____________ _::::.-_::_:_ _____________ 083 --
--~------ 2 5 _ A A 1 =A A ( J) _ __________ 084 
1-------m1 ( J l :2. •SUH11 AA1 .... __ . _________ -------------------------- 085 
------------- _ DS TA~ (J l" (AA 1/ ( 2, *RW1 hSUM11 RI.J1) *1 00 ~ /DELR ( J t. 086 
~-----THETA l J l: ( SllM1 "SUM2) I R\.!1 "'1 00 ,/DEl R ( J >----- ____ 08 7 
1 _______ H(J):DSTAR(J)ITHETA(J). ________ 088 
--------ALPHA! J) =2. •SUM31 ( AA1 •UM( J) u3,) _ .. 089 
________ Q(J)aUNCJhAA1. 090 
------ _ IF ( J • E Q, 2) G 0 T 0 3 0 91 
·----SOL CONTINUE OllZ 
_____ .IJRITI' . 093 
____ SKI" l D STAR ( 5) "D STAR ( 6)) I ( ll STAR ( 5) + ll S TA I'!( 6)) ______ 09 4 
__ S K 0= C DS TAR C 7) "DS TAR C 8) )/ ( t> S TAP ( 7) • D S TA~ ( 8) ) _____ . 0 9 5 
_______ $1(2: C DSTAR (3) ,,!)STAR (4)) I ( llSTAR (3) +DSTAR ( 4)) _ 096 WRIT F. -------- - 09 7 . 
1--,---C t ~t~<.., _____________________ CA L C U LA H ME AN B" L PARAMETERS,__ 0 9 8 
·---'--------00 5'1 J!!1 '81 2 ---·· ·099 
1------J, Cl J ., ... --------· _ _, 0 0 
1--,--"------A T 0Tt J) c; A A ( J )+A A ( J 1 ) _ _____ __1 01 
1 _____ miM(J l "(lJ~1 ( J) •AA ( J) +UM(J1) *AA ( JU )/ ATOTC J) 1 0Z 
______ OT0TCJ)=Q(J)•Q(J1) _ . _ _ __ 103 
_ _ ... 4 L F ~MC J ) = (Alp~ A ( J ) * Q ( J ) +AlpHA ( J -, ) * Q- (-J 1 ) ) IQ T 0 T-(j )-~=~------ -- ........ 1 0 4 
____ 55 t: 0 N T I N ll E ____ ----------------------~-------------- ........... 1 0 5 
___________ . 0131 1:0(1 l /QTOT(1) --------------------··-----~---------·-·------- _ 106 
---------- 091 0=0 (2) I QTOT (,) - ----------·---. ------------ ------ 1 07 
________ oB21:1QUliQTOT(3) 108 
____________ QB20aQ ( 4l I QTOT ( 3) ________ ____ _ ______ 1 09 
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Table A4-2 LISTING OF PROGRAM P1 (Cont'd) __ I 
-'--- C ll'l'i"ll >J, ----------------·--·CON TIN U IT V CHECK, ---------· .1 1 0 .... 
~------.RE'Ail C1 1 40) CRU(J)1Jc;11812l1PROBI,PROBO.. -------------_------~~z1 .. ·1 
c--___ t.O .... JORMAT C6FO.Ol ............... _ _ 
-------DO 160 J o;1 I 812. ···- ______ .. __________________ 113' -~ 
"---------- QR Ell J) "O'I'OT C J) * RU( J) •1 00,/ ATOTC1J /UMM (l)_ _114 ._.
1 
----160 CONTtNUE ------- ______ 115 
I .. . ......... QL T=QRELC'Il+QRH(7L_ .. _ _ ____ 116. 
Df Sr.t1 )ll!lRELC1 ) .. 1 00, ····-- .117 'I 
. DISCt3l=!l~fil(3),.100, ---.118 
I-------D1SCt7h•OLT~100,.___ 119 
-=-~·-e·;-;;;·-~~~ ~~·-~--CORRECT VEL. R "T I os TO SAT I~ F V r.ONT I NU I TV •---------~ g ~ I 
-----RU3cqU(3) ..... -·-- ..122 
1------------RUS;:RU(Sl ____ ... 123 
-----RU7o;QtJ(7l. .124 
----·---OR EL ~=ORE L( 3) ·- ·----- ... \ 2 5 
----- ----Ol T 1 =QL T . -····-···---- -----126 
1------~- R01 :QR El (7) /ORE U5). . . - ····------- -- .127 
_________ CO!IS T12 ( PROB I tQRE L ( 5) +PROBO•QR EL( 7) l/ DISC ( 7) ---- 128 
---------- R tJ ( 5 l = lltl5 * ( 1 , '"PR 0!311 CONS T) -·---··· --------129 
. . .RU (7l "Rll7* (1, .,PROBO/CONST) ---- --- -- 130 
.. ------- RU (3) :RU3"1 00, /QRE l (3). .. --· ----·--·-'-' 31 
-·---·--- I) Q 1 ~ 6 J ;; 3 I 8 I 2 ---··---~-------·-- -------- . , 3 Z 
··--------OR£lCJl=!lTOTCJ)+RU(Jl•100,/QTOTC1l --- ' . ___ 133 
--.-... -=,1 6 6 C 0 ra I NU E - ---·-------·····-.-. ---~~~~~~~~~~"·-···-"·------- -~---~~-·· ... 1 3 4 
______________ R 0= Q R F! L (7) IQ RE L ( 5) . ---------- ----------· ~ 3 5 
I----------··QLT=oRELC5)+QRH(7l. -------- _______ 136 I 
__ __cu3=RliC3liRtJ3•100,n100:______ _ ______ 137 
_____ _._ ___ CU5=RU(5)/RU5•1001,.100,__ . J38 ,, 
------- CIJ7:Rll(7)/RU7•100,.,100, _ _ , ___ 139 .! 
________ CQ3:QR£L(3)/QREL3*100,e100, ___ 140 1 
---·-···--·· . C Q 5 = Q LT I a LT 1 •1 0 0, .. , 0 0 .. __ . -~--0 1 t.1 . 
---~·Cl! t'l=RQ/R01t1 00, "1 00, _ ________ 14Z I 
WRITF •• ,.. 143 
-------- ·-·· RI" AD ( 1 I 31> N p 2 I c p \.1 I 0 V N H L 1 4 4 
________ 31 .. FORAMAT
1 
( 3t~l~2FCOZ,OC)I J) I 1 ... ___ .2 .... , -'---145 .1 f----:- ---------- R F. 0 ( ' r,; p I ' ~ ' N p - 1 4 6 I 
I---!2 .. FORMAT (110F0,1)) ..... .147 
________ DO 110 ll\'1 ,NP2 ---· ---148 
_________ PV( 1;3hP2 ( 113l•Ut-lD( I 13l ---·-·· --· ------149 
------ La t4 P;! •1 ,z __ _____ -----1 50 
_ _, _________ PV cr. 4 > c;pV c t 1 :n _______ 1s1 
______ \ 10 CONT I NlJE ----- -----------------------···--------.... ---------- - -152 
________ c A L L 1 N T e G RA L n 1 o 1 N 2 1 R w c 3 > 1 R w c 4 > 1 suMs , PV , a o , 4 , D R c 3 > 1 R w (3 > , w c 3 > 1 o • o 
. ) 154 
______ 1..3 ...... ........... ... ..... ------- ---·--·-- 1 
........... Qf.l1:flVNH1•UfiM(1)**2, . _ ··----- 155 · 
___________ .CP(3>::;CPIH2, •SUMS/ (ATOT(3)oQM1 )IUMM(3) 156 
____ CHilli CALetJLATe OVERALL PERFORMANCE, .157 
------- - .. AEA f) ( 1 , 57) c p (, ), c p ( 5) I c p ( 7 )___ _, 58 
· ... 57 . F 0 R ~AT C3 F 0 • 0) .. . .. .. . . . ...... ---------------~----- ..... ------·-·---·--·-· __ J 59 . ! 
'----C****·-··-····· COIWEPT TO NEW SVSTF.M DIVIDE BV ALPHA 1 MEAN, ________ ,.,160.c 
DO 61 lr:1, .2 ' . -·····---·---·-------····· ........... .- ............................ 161 I 
61 C P (I) =C P ( l) I A L F AM ( 1) . . .... ··--·-- ....... ----------------- -------- .... _ .162 
___ ··-·· .. AR2=AT0T(3)1ATOTC1) ........... __ ... .:.. ........ ------163 
-·-·--·····-- ...... AL0S~?.=1.0 "ALFM1(3) /HFAM(1) IAR21AR2 .,CP(3) . ---···--····-·-------·---··-· 164 
__ ... -----·---- R UM3 T a Uti M ( 5 ) • R U ( 5) I tJ Mlt ( 1 ) .... ···---------------------"------- -- -·-·· 1 6 5 
---~-------··-- RU~ 3oaUflfl ( 7 l • RU ( 7) I Ul1" ( 1) . _ ·-·-----·-------------··--···- 166 
------------ CpW!., ( Cp < 5) ,r.ClR EL ( 5) + Cp (7) •QR EL ( 7) l/Q LT _______ . ___ . 16 7 
.......... __ ._ .......... HRl-1;1" (A LF M1 ( Sl •ORH ( 5) * Rt1M31**2 •+ ALF AM ( 7) •QRE L ( 7) *RUM30"*2 •) IQ LT 
------·-· _ AL0S~J=1 • O"TE RM21 A LFAM C 1) .,c PM3 ··-----······----------------------. 1 69 
______ CP'~2aCPCJ) 170 
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TableA4-2 LISTING OF PROGRAM Pl (Cont'd) 
. D 0 ... 11 3 . J :; , I 3 I 2 . . . ··--·~-·- - --- --·- -_______ 1 71 
c,::__ __ Cllit~~- ________ DETERMINE INITIAL RSTAR •. ______ _ __ 17l 
----~--- Q L I M a 0 , 5 _ _ __ __ _ _ _ _ ___ . ____________ ----------~--------------------- J 7 J -i 
----------'----- c A L L- s p Lt T M K 2 ( Q R EL ( 5 ) I Q L I M I R s TAR ( J ) I R w ( J l I u N p I 8 0 I 8 I R u ( J ) I Q T 0 T ( 1 ) I p -
-~------1RCJ) ,W(Jl10.01J)- ---- -~--- _ ----------175 
--,----~------ 0 R S 1 o: C R STAR C1 )!, R W C1 ) l I DEL R ( 1 L _ ---------------~----------- 1 7 6 
-------·--- DRS3a I RS TAR ( 3) .,RW C3)) I OELR (3) -------- _ _ _____ J 77. , 
--ER~ n R ( J):: Q l I M ------- ----------- ---- -~-------- 17 8 _ ! 
________ AS (J l ~ RSTAIHJ) H2,.RW(J) **2 -------·-· ---179 
- .. ·---~- . AS (J+1 l=RIHJ+1) ~•2 .. RSTAR(J )**2---~---------:... ------180 
-------~ 13 CONT 1 !'JU~-------------------- _______________ --------------------------- ________________ 1 81 ____ _. 
__ - __ ClE-if-l(* _ _ _ CALCULATE SPLIT UIUMAX1ALPHA, _____ 182 
__________ no_no J=1 1412 _ _ ___________________________________________________________ 183 _ · 
-----------------cALL INTEGRAL ( 1 I 0, N p s (J} I R w ( J) , R sTAR (J) I St, UN 0 I 80 I 8 I D R CJ) I R w (J) I w ( 
______ J J) I 0 • Q I J) ------------------ ---- --------- ---------~------------- , 85 -
_______________ c A 1. L PJ T F. c, RA LC 3 , o , N P s u > 1 R w c J > , R s T A.R < J > , s3 , UNo 1 8 o, 8 1 oR < J > , R w c J > ,_w < 
---~---- .. 1 J) IQ. 0 I J) ___ ... --------------·---- ..... 1 8 7 
~-----~-UMS C J )!'2. "~>S11 AS (J) _ _ _______ ,________________ -188 . 
------A LF A!; ( J l :? , •S31 (AS ( J) •UHS ( J) **3) _ _ ______ ____ ----------- ______ 1 89 
__________ IJMS CJ +1);:: ( lJW1(J) •ATOH J) .. UMS CJ) •AS (J)) I AS <J+1) ---------------- 190 
I-~---------A L FA!; CJ •1 ) : ( AL FAM ( J) * 1 0 0, ._. AL FA S ( J) * QR E ~ ( 5)) /Q RE LC 7_) _________ 1 9 1 
-----130 Cot4TINUE .. ------- ____ ------------------------------------192 
____ C~*'~-* .. __ CA L Cl! LATE Cp STAR, UO, ... --·-------- ---·--------------·-··-. 19 3 
________ cALL INTEGRAL<1 ,o, NPS<3> 1 llWC3l 1 RSTAR(3), s1, PV,80,4, DRO>., RWO> ~wo. 
--------1 > ; o. n, 3 > _________ --·-- . _____________ ----------------··----1 9 s . 
1 
--------CPS Cl) =t:P1·,+2. •S1 I CAS Cl) •QM1) /UMS (3 )______ -------------196 ! 
-------------C PS ( ~ l ~ C PS C 3) I A L FA~l ( 1) - . _______ ______ ---19 7 
___ ____ C PS ( 4) = ( C P C 3) •1 0 0, "C PS ( 3 l • Q RE L ( 5) )/ Q RE L ( 7) ···--·-- __ 1 9 8 
~--C&US... CALCULATe SPLIT PfRFORMANCF. ETC,.... ... · __ .. , ... 199 
-~------'-·IIAS t1) !'Al FAM ( 1) /A l FA S ( 1) _ ------------ - -· -.·- ........ 200 
-----------RA S C? l 'lA L F AIH 1) I A L FA SI?.>__ --------------- 201 
_____ RUSC1l!'IJM!H1l/lHIS(1) _ _202 
-------RUS C ;I) =UI1M C 1) IUMS ( 2) ------------- --- --- 203 
----------CPSS13l•CPSC3)tRUS(1lt•2•RASC1) 204 
______ CPSS I 4) RC PS (4) tRUS (2) H2•RAS (2)_ 205 
1--------C PS S I 5) "C P ( 5) * R IJ S (1 ) ** 2 • RA S (1 ) - --· 2 0 6 
1--------CPS S < 7) r;C P ( 7) * RUS ( 2) H 2tRA S ( 2 )__ ____ 207 
I------UUO;:;m1S ( 4) /UMS C 2) *RU( 3) _____ - ---· ___: __ 208 
11--------UU I= li'!S ( 3) I Ut~ S ( 1) • R U C3) _ __ ______ __2 09· 
-----AL Os I~" 1 • 0 a A LFA S 0) tUIJ I **2/ A LFA S ( 0 eC PSS (3) ---------·-'--- 21 0 
11-------RLOS y2;:;ALOS I 2/RUS (1) H2/RAS (1) _ -------~--------·-------·21 1 
11---~- -R l 0S0210 ( Al0SS2 •1 00, "B LOS I 2 •QREL (5)) IQ RE L ( 7)_ ---·-· .21 Z 
-c--------.4L0S02 !IR LOS02 * RUS (2) *+2 • RA S (2 ) ____ . -----~---------------21 :5 
11------- UU03DUI-H-1 ( 7) /liMS ( 2) *RU ( 7> -- -- 21 4 
____ UU I3;::U~If1C 5) IUMS C1) *RU ( 5) ... _ ------·--------- .21 5 
------~--ALSB I= 1, 0 ... AL F M1 ( 5) tUUI3**21 A L FA S (1 hC PS S ( 5) ------- ------ 216 
_________ ALSBOII . 1,0 "ALFAMC7HUU03**21ALFASC2l~CPSS(7)___ .Z17 
11-"7"------ A LS2~ I!!ALSB I .. HOS 12 .21 8 
------ALS2~01:1AtS130.,ALOS02 ------ --219 
------ RlS B! !'ALS 1311 RIJS ( 1) •• 21 R AS (1 l . - 2 20 
-----BLS1JO!IALS1301RUSC2>••21RAS(2) --221 
--- --- --- -- !! LS 2"11D!ll S1 31 "B LOS I?. - - ----------------·------------------------- 22l 
---·- -- !I LS?."'O" r) l 5130"!1 LOS02 ------------------------ ...... l2 3 
------------ ALS2~ Ill 4LS?.3 I I UUI H2 *A LFA S (1) I A L FA S ( ~) ----------------- 22 4 
----------- ALS~"!OI'!I\I.S230IUIJ0••2•ALFAS(2liALFAS(4) . -----·-------------- - .. 225 
--- --- - -- A R 3 f "AT n T ( 5 l I AT 0 T ( 1 ) . - --- --- ------------------------------------------- - -- 2 2 6 
____________ AR3oaATOT<7liATOT(1) _________ .. ___________ ----·--······- 227 
-~-------- C P 12101 , 0 .. 1 , 0 I A R21 A R21 A L FAM ( 1) ---------------------- --------------· ---- 2 2 8 
------------ C P 13 a1 • •'( 1 , I C 1 • + R Q) ) • •J. • C 1 , I A R 3!1 A R 31 + R Q * t 3 , I A R 3 0 I A R 3 0) - -- 2 Z 9 
-------------- A RE F• ~QRT ( 1 .I (1, eC P 13)) --- - - ---~-------230 
--------CPI3•CC1'13"1·0)/ALFAM(1 )+1,0 231 
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TabteA4-2 LISTING OF PROGRAM P1 (Cont'd) 
-----"---AR23..AREF I AR2 -------- ___ 2::'lf 
ARSI:!=AS(3)1AS(1l--- 233 
-~-------- A R S 0 :>=AS C 4) I AS C 2) ------'-------"------'-----------2 3 4 
----------- AR S I ~'"A T 0 TC 5 ) I A S ( 1 ) ---- --------·-- 2 3 5 
------------- - ARS!l'4 =ATOT C7) I AS (2) --- --------····7.36 
------- ARI2311ARS!3/ARSI2 ---------- 237 
----- ---------- A P 0 7. '4 a A R s 0 3/ A I! S 0 2 ------- -------- 2 3 8 .. 
·_ ETA2:ePM2/CPI2•1GO, 239 
=-=-=-=~~ ET f>. '4, C P~l31 C p 1.3~ 1 0 0, --- - 2 40 
WRITF .;. •• 2/.1-
242 
_____ 1 00~ CONT 1 NUE -c--::-:·;c:-'"'"''-. ------~---. 243 _ 
:__--__ -_:=_1_o_o_~ ~~gP__· ~-~~=--~-- ----. ____ -..=_-:::-:::-__ --~~--=-= 244 __ 
----- _ ~IJnROIJTIIJE SPUTMI<2(QSP,QLJM,RS,RIJ,V,~JR,NC,RV,Q1 ,DR,Iof 1 ANG 1 J)_,245 . 
_________ ,ClfHll THIS SUBROUTINE CALCULATES THE STAGNATION STREAMLINE RADIUS ( RS) IN ··-·-·--·-- 246 __ 
______ C*-!':!i;f. THE PRE-DIFFUSER GIVEN THE INNER ANNULUSFLOW(QS~) __________________ 24i' __ 
--------------· D J'lF r.J S 1 ON V 01 R, N C), UM ( 8) ---------------------------------··2 l.(\ 
---------- CO'H10\I /M !:AN /IJM ________ -----------·- -------·-· 249 _ ... 
---------- RS !~SoRT ( R'~**2+W•Q SP tQ1/UM (J) /1 00. L_______________________2 50 . 
____________ DO 10 K=1,100 _ _ _ _ ------··------------·251 
___________ c A tL r N rr: G RA LC 1 , o .1~2 1 R w 1 _R s._s_,~,_N_R 1 Nc,_o R ~_RW ,_w .~_N_G, J >__ ________ 2 s 2 _ 
_____________ QRS::;;>, * S•RV•1 00 ,I 01_______ _ 253 
--~----------DQr::;Q~ p,QRS _ _____ --------~--------2 54 ... 
------·---·· IJRITI: (2,5) N2~RS,DQ ---------- ___________ 255. 
__ . _______ 5 __ F 0 IH-1 AT ( 5 X,! 3, 2 F 1 0, 3) _____ ----------- 2 56 
______ IF (A!IS(DQl.LT •. QLIM) GO TO 20 ____ --------------------.-·257 _ 
______ u RS!'R s+O. oos .. ~I•DQ •Q1/Rs 1 RV /V <N 2, J L __ _, ___ 2 51:! __ _ 
____ 2LRI!TIJRN --------------------~--- .259 ... _ 
__________ E,~D .. _____ 260 
----------------------------------'------- ---- ------------------------------
------·--suR RoUT! Nr: nn ex 1 v 1 e1, EZ, E3 1 E ;c;------ --261 ---
---------- n 1'1 t:t-J s, oN x c, o, , v < , o, , r c 4; 3, a< 3. z, ; k (z ,----- , ___ 2 6, _ 
:=-~--.:.==_DI"lt:r.JS!ON EO) I CO> . . - - .. ··--···--- ... 263 
___ E(1)aE1 __ ---------- 264 
----=----------------- !' ( 2 ) =F. 2 .. ------ ---- 2 6 5 
_____________ e <3> .. e3 266 
____________ DO 10 J,.1 1 3 ----- 267 
-------- _ ... DO _5 I" 1 , 3 __ -------- ---=~--2 6 8 
5 P(I,J>•XCJl•*E(Il 269 
==~)0 P(4,Jl!IV(J) -----=~=- ---------------------270 
_______ DO 1t; J:1 1 ?. ____ 271 
--------- J 1 "J., - 272 
_________ DO 15 1111 ,3_____ __ ____ 273 
------- I 1" I +1 ____ ------------------ 274 
____ tS_Q tl, J l •P <! 1 , J 1 l /P_(J_I J 1)_ .. p_(U, 1 )fp (J 1.11___ 275 ---
DO 20 1~:~1,:i! ... __ ____ _ __________ -------····---------- _ __ _ 276 
11=1+1 277 
________ .. 2 0 R ( I l "Q ( 11 , 2) IQ ( 1 , 2) "Q ( 11 , 1 ) IQ ( 1 , 1 ) --::-_:_:.:__:.:_.:__:::::-_-__~:~::::.:_~=:~----- 2 7 8 . 
______ C(3)aR(2liRC1) .. _ ---··· --------·- ------······. 279 
-- ... . ... - c a) a ( Q ( J, 1 ) .. c ( 3) • Q ( 2 I 1 ) ) IQ <1 I 1 ) . .. - --------- ---- - 2 8tl 
-··--- - -----·------ c ( 1 ) .. ( p ( 4 I 1 ) .. c (3) • p (3 , 1 ) .. c ( 2) • p ( 2 I 1 ) ) I p ( 1 ' 1 ) -- -------------- ----- ze., 
--------------·- R f T lJ 11 N _ . _ ----------------- _____ ------------- 2 8 2 _ 
.... ENl'l 283 
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TableA4-2 LISTING OF PROGRAM P1 (Cont'd) 
e-·-··----·-•e _____ _ e 
------·· 
-------~UB RoUT! NE IN TE G ~A L ft !>OWE R; N 1 -,-N2 1 R 1; R 2 ;s UlfjV;NR;N C I 0 R;Rw-;-w~TN G ;,f) 2 89 
=~-==~ D I ~1 ENs I() N V ( N RI N c) I X ( 6 0 ) ; V ( 6 0) I z ( 1 0 )_ ----- . ----. 2 Q 0 
___________ OP1ENSION !'(3) . ____ ...... - _ _ __ ..... _____________ ...... _ _ _ _ __ 29, 
C****: __ THIS SUBROUTINE CALCULATES THE INTEGRAL (SUM) OF UND**IPOWER 292 
_ C*H* . _ .. RETWF.EN THE LIMITS R : R1 TO R2. _T~E INT€GAL FOR !'ACH nEI-1ENT 293 
_cuu ... _IS OBTAINED ANALYTICALLY USING A CURVE FIT BY 11 F:IT3 11 , __________ 291. 
C**** r.E .. SUM~ INTEGRAL(UND**IPOWER*RAPIUS)*PR . 295 
.-e-• -· =·N •N 1 "N 1 ~=--- ••~e- • • • • -"-------===-====-=-~-- 2 9 6 
________ sur1:o;o __ ______ ___ ___ ______ 297 
_______ IF (N1.GT.1) GO TO 15 _______________ -----------------'" ____ 298 
________ SUM= C R W<+W• DR •O. 5) *OR •O, 5* ( 0, 7 •V_Ct1 J)) "'*I POWER_____ .299 
---------- D 0 1 0 I " 1 I 3 - -- - - - ---- . "----· -------'--"---3 0 0 
____ _:___ ____ X (I) eR AD (I 1 RW 1 W 1 PR 1 R 1 ANG) _____ --~---·30' 
_______ 1 0 _ V ( I >"V ( I , J) u I P 0 WE R *X ( J) _ _ _3 0 2 
___ R1r:;l(t1) ________ ------------------ ___ 303 
_________ c ~L L n T3 ex 1 v, o. o ,1. o 1?.. o 1 E 1 zL____________ _ ___________ 304 
______ l(2qXI2) . _ _ _____ "___ 305 
_. __ : ____ DRC=w• (X(3)"R2) 306 
-----· I F ( n RC • G T , 0 • 0 ) X 2: R 2 ____ _ __ _ 3 0 7 
_____ AaZ o > •x2u3/3. +z c 2h~2,..2/2. ,.z c1 > •x2 ____ _ _ -. _______ 301! 
_________ llaZ 0 l•R1u 3/3, + z < 2h~1 **V 2. •z (1) tRL 309 
~------S 11:~:: ~ UM+ CAs B)* W __ _ ______ ________ _ _ ___ , .. -.. ~~- _____ 31 0 
_______ IF ( nRC. G T. 0. 0) GO TO .999 _ ------------- ________ 31, 
_______ ... IF ( N 1 , LT • 2 ) N 1-l 1 = 2 __ . 31 ?. 
_______ 15 DO 30 I =NN1 I, 00 ---- ____ 31 3 
____ I( 1 ~ 1 _ _ _ _____ _ _ _ ___ ___ -------- .3 1 I, 
_ DO 20 K!!llw1) 1 Cf•1) 315 
____ , _____ X(K1 l=RAD(KIR\.JIWIDRrR,ANG) __ ______ 316 
___ .. VCK1l'!VCKrJ)uJpQWER•XCK1L. 317 
____ ?.0 K1"K1•1 _ _ ____ ____________ _ 318 
___ cA.LL nn cx.v,o,o,,,o,z.o,e,zL __________ .319 
----·- X2!!X t 3 l . ________ 320 
_____ DRC=IHCXC5)•R2) _ ___ _ _ 32\ 
_______ H CDRr..GT.O.O) X2o:R2 ________ 322 
------- Aa% 0 I* X2u 3/3. +z (;1 ) •lt2u 2/2, +Z ( 1) * X2 _ __ 32 ~ 
_______ e .. z c .'0 •x c ;:~) u3/3, • z < z, • x <z > uz/z .•z < 1J •l« z> 324 
--- NZ~I •1 .325 
-----SUH:~UM• CA•Bh\.1 _. ----- 326 
H C n ll C. r. T, 0. 0 l GO TO 999 ________________ ----------------- __ 3 27 
.. 3 0 C 0 ~ T I N ll E ____ --------------- _________ ------------------ _ ______ 3 2 8 
WRlTF (2,40) l __ ------- ----------------------- _____ 329 
40 ~0R'1AT (10X, r INTEGRAL NO~ POINTS I, !3/) _ ------------------------- 330 
_ . 9 9 9 S U '·I:;~ IJH I C 0 S ( AIICi) . . .. ________ ----------------- ----------------------------·-------- -------·-- _______ 3 31 
.RETUR~ ________ _ _____ 332. 
_END __________ _ ···---------- _ _____ _ 333 . 
~IN!~H 334 
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TABLE A4-? SAMPLE CALCULATIONS FOR TEST 3-0718/A 
CALCULATION REFERENCE 
1. Pre-diffuser Pressure Recove!I Coefficient 
-
(p- Pwo) 
2 c = c + p2 Pwo 2 "' -1 ql 
where: c = 0.4603/'1_ = 0.4603/1.0615 = 0.4336 see Table A3-5 
Pwo 2 
(p-p ) = 2.67 mm •. w.g. 
WO 2 . 
see Fig. A3'-l 
and ql = 54,8 x (. 8744)2 = 41.90 mm. w.g. Line 155 
hence c 
p2 = 0.4336 + 1 • 06i56~ 41 •9 = 0.4226 Lines 156 & 162 
2. Pre-diffuser Loss Coefficient 
~ "'2 . ~ 
= 1 - - c 
1-2 0<'1 AR2 . p2 
Eqn. 1-3-15 
where "'2 = 1.5265 and AR = 1.780 
hence ~ = 1 - 1.5265 1
-
2 1.0615 X (1.78) 2 
- 0.4936 = 0.0222 Line 164 
3. Pre-diffuser Effectiveness 
E 2 = <c;c ') = c /(1- 1 2) Eqn. 1-3-12 P 2 Pz "' AR 1 . 
hence lr2 = (0.4936/0.7027) X lOO= 70.22% Line 239 
. 
4· Flow. Split Ratio 
Using the velocity ratios corrected for errors in 
observed mass flow (see lines 122 to 134) we have, 
- c4 )Cl) s = 2.15 (%)4 ulo u; (~t Equivalent to 
.Line 135 
0 J. J. 
hence S = 2.15 x (.9396 x .4397)/(.5281 x .9256) = 1.81I 
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TABLE A4-3 · SAMPLE CALCULATIONS FOR TEST 3-0718/A (continued) 
CALCULATION REFERENCE 
Also \ = ( 1 ~ s) and Qo = ( 1 ! s) See Eqn. 1-3-22 
hence\= 35.5o% and Q0 = 64.5o% 
2· Overall Pressure Recove~ 
- (\ c + Q c )/(\ + Q ) c = Eqn. 1-3-18 p4 P4. o p4 o l. 0 
~ 
hence C 
. p4 = (.355 X .4208 + .645 X .5977) = 0•2242 Line 167 
6. Overall Loss Coefficient 
\_4 = 1 - (TERM2)/o<1 - cp4 
See Eqn. 1-3-17 { c ~2 r- )' } u u 1 . 4i 40 where TERM2 = (\ + Qo) \ ii.1 \ + "'4o \ ii1 Qo 
= 1.0298 ( .925~8~442281? X •355 + 1.0282 (-239~8~4443ny X ,645 
= .11425 + .14805 = 0.2623 Line 168 
-hence ~ 1_4 = 1 - (0.2623/1.0615) - 0.5349 = 0.2112 Line 169 
1· Overall Effectiveness 
- -
I c = c ;c r 4 p4 p4 
where C r 1 ( 1 ~ s) 3 { ~/ + ~: 2} Eqn. 1-3-25 = 1--p4 0(1 
-
1 ( 1 y { 1 1. 8173} Lines 229 & 231 
= 
1 
- 1 0615 2 817 2 + 2 = o. 7598 
• • 0.635 1.365 
-hence c4 = (0.5349/0.7598) X lOO= 10·4o% Line 240 
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Table A4-4 MAIN PERFORMANCE ANALYSIS PROGRAM OUTPUT 
LISTING FOR Test 3-0718/A 
******************** TEST RIG GEOMETRY **********************· 
N~n DUMP G~P(D/H2) = 0.70 
•• 
•• 
•• 
* 
•• 
t> PRE D!FFUSFR 
•· 
! AREA RATIO= 1.80 INCLUDED ANGLfa12.0DEG. * 
•· * 
* BtOCKAGE(~nM)! THROTTLE TURNS 57; INNER ANNULUS, 60 ~ * 
* •. 
* APPROX; FlO~ SPLIT = 1~70 •· 
* •· 
·············~················································ 
INLF.T MAXIMUM VFlOCtTV ,. 
lNL~T R~VNDI.DS• NUMBER a 
AMBIENT TEMP~RATliRE = 
AMBIENT PRE~SUR~ RATIO = 
~IG AIR DENSITY RATIO = 
30.37' 
159072. 
299.0 
0.996 
0.954 
M/SEC. 
(N~O) 
DEG.K. 
(PIP-I SA) 
(D/D•!SA) 
INDiVIDUAL BOUNDARV•LAYER PARAMF.TERS. 
URAI? DELTA THETA SHAPE 
UMAX STAR ~H XH FACTOR 
(INNER 0,8754 6.413 4.728 1.3565 
INLET ( 
(OUTI:R 0,8734. 6.169 4. 516 1.3661 
(INNER o;s999 26.435 8.755 3.0194 
OUTLET ( (OUTI.'R o;7S76 9.207 5.321 1 . 7303 
( I o;91o6 1. 526 1.042 1 . 46 4 7 
S/t INNF.R ( 
( 0 0.92RJ 5. 414 4.448 1.2172 
( r 0."9494 1. 723 1.252 , • 3759• 
S/t OUTER ( 
( 0 o. o·3c;o 4.170 3.349 1. 2449• 
PRE-Dl FFUSER OUTLET 
INNER S/L 
OUTER S/L 
RADIAL DISTOIHION FACTOR = 0. 48 
UBAR/UMAX 
AlPIIA BAR 
.. .. 
.. .. 
" 
• 
.... 0.56 
... 0.42 
VELOCITY PROFILE PARAMETERS. 
0.8744 
OUTLET 
0.6684 
1. 5:?.65 
SETTLING LENGTH 
INNER 
0.9;:>56 
1.0?98 
OUTF.R 
0.939'6 
1.028:?. 
ALPHA 
1. 0601 
1.0627 
1. 8309 
1 . 2130 
1.0660 
1. 0236 
1.0332 
1.025B 
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Table AL.-4 PROGRAM P1 OUTPUT FOR Test 3-0718/A (Cont'd) 
FLOW %Q1 
ERROR %Q1 
ORIGINAL: 
CORREr.TED: 
% CHANGE 
CONTINUITY CHECK. 
SETTLING " LENGTH 
INLET OUTLET 
INNER OUTER TOTAL 
100,"00 101. 51 36.98 67.18 104.16 
o.oo 1 . 51 ..... .. ...... 
CORRECTIONS MADE TO SATISFY CONTINUITY. 
U2/U1 IJ4!/U1 U40/U1 Q2/Q1% Q4/Q1!( 
0.7460 0.5500 0.4581\ 101.51 104.16 
0.7340 0.5281 0.4397 100.00 100.00 
•1. 4Q• 
-3.99 .. 3.99 •1.49 "3. 99· 
PRORARIL!TV OF ~RROR IN Q41 = 50. % 
PROAABILITV 0~ ERROR IN Q40 = 50. % 
SPLIT FLOW tTERAT!ON RESULTS: 
QRI3 DQ•%Q1 VS/DR 
(ERROR) 
.. 
1 NLET . 35.505 •0.002 0.388 
-OUT, LET' 35.505 -o. 148 0.499 
ME~N F.XPANSION RATIOS (AREA RATIOSl 
s 
1. 817 
1. 817 
0.00 
DIFFUSER SIL OVERALL 
(1-2) (2•4) C1·4l 
CT NNE~ 2.236 0. 771 1 . 723 
4.16 
SPLIT FLOW c 
CI'\UTER 1 • 514 1. 428 2., 61 
EFFECTIVE OVERALL , • 780 , . 113 , • 980 
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Table AL.-4 PROGRAM Pl OUTPUT FOR Test 3-0718/A (Cont'd) 
SPLlT FlOW BOUNDARY LAYER PARAMETERS. 
(PRE-DIFFUSERl 
INt .. ET ·OUTLET 
tNN~>R OUTeR INNER OUTER 
UBAR/UMAX• 0.8424 0.8930 . 0.5149 0.8008 
STAR . 
ALPHA STAR 1.0642 1.0600 1.9914 1.2707 
SPLIT FLOW PERFORMANCE DATA. 
PRE- DIFFUSER SETTLING LENGTH 
iNNFR OUTER INNER OUTER 
CP•STAR n.519'7 0.4793 0.4208 0.5977 
CO.S'i84) (0.4601) (0.4522> (0.5738) 
L4MI>A 0.0~96 0.0485 0.2066 0.2276 
(0.01141> (0.0466> (0.2220> (0.218'5) 
LAM04 2N4 .... . .... 0.1470 0 .179~ 
(0.4184> (0.330~) 
NOTE: THE FIGURES IN PARENTHESES ARE REFERREO TO 
- SPLIT FLOW FNTRY M.W.M DYNAMIC PRESSURECe.g.o<,<rfO~) 
OVERALL PERFORMANCE DATA. 
n!FFUSER SETTLING LENGTHs•· 
oUTLET .. 2 MEAN INNER OUTER 
PRESSURE RECOVERY 0.493it 0.5349 0.4208 o. 5977 
LOSS COEFFICIENT 0.0525 0.2179 CSEE SPL! T RESULTS> 
EFFer.TIVENE~~-2 ~ 70.25 X EFFECTIVENESS•4 • 70.40 X 
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Fig. A4-3 FLOW DIAGRAM FOR aEADRAKE DATA ANALYSIS PROGRAM (P4). 
I READ . DATA INTO ARRAYS J 
- . 
SOLVE EQUATIONS FOR STATIC PRESSURE PROFILES, 
INTERPOLATE AND FORM TABLE OF DYNAMIC PRESSURES 
' t 
INTERPOLATE TO OBTAIN ~ AND 
CALCULATE VALUES OF ( u/u) 
CURVE FIT FOR NON-DIMENSIONAL VELOCITY 
PROFILE AND EXTRAPOLATE TO u/u = 0 
ITERATE TO FIND POSITION OF 
VORTEX BOUNDARY STREAMLINE 
f 
INTEGRATE MAIN FLOW PORTIONS OF 
VELOCITY AND STATIC PRESSURE PROFILES 
~ I CALCULATE PERFORMANCE PARAHRrERS 
~ 
INTEGRATE VORTEX FLOW AND 
ESTIMATE LOSS IN VORTEX 
I . 
t 
SPLIT UP FLOW HI SETTLING LENGTHS 1-- OPTION I. 
OSSES FOR COMBUSTION CH~~ER CALCULATE L 
AND CASING WALL REGIONS OF FLOW ---
ELOCITY AND STATIC PLOT V 
PRE 
- - - -·I OPTIOU I 
SSURE PROFILES 
L ______ 
-+ 
.. 
jENDj 
I 
·' 
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TableA4-5 PROGRAM P4 OUTPUT FOR TEST 3-0718/A. 
•. 
. .•. . .... --'--
I·· ·.:···.:· :: · · · ··: · --.-.--!' .I.NNER. .... A!HIULUS. •!'•.••.... oo!'.•.••• .. OU.TER .. ANNULUS ___ ,_ 
~--~:.·_:"""':··~ ::··.::_~_·· .. ·_ ·· .. ·· _ .. ·. ---vHlH.L __ _p_.flf:L .. _u/.tlMAX~- __ YHI.H3::-::· : ___ P":P"t:i:~. ~=i!iiiMP:x: -= 
..... mm.w.g. ... . .. ........ mm .w.g •... 
----·-----.... -- ------ ----- - - ilO ___ ;; ·- .-- ---- - '- -.-;,-·- ------ - - ___ ...... -- -- . .•. --- -··· -- ~--
1--c-=-:::--:-----c--I-P ..• 0 ( 0 __ ---. (] ._ .<\ 1'-· __ o. 9 8 9 ·-- ..... 0 . o 2 0 . _1 . 1 3 7 ___ __ 0 • 9 9 0__ _ 
~--·-::_··::._·:.·~· -·~··: .. ~.·-·_··~···. 1 __ o_~o6o __ .. _?-~JQ7 __ .:__0,956 ___ o:o6o -- · 3. 216 ·- . 1. ooo .~. ___ .· •-......,.-::-c-:----,-,--:c-+-o.~'\Oo ____ 2_~ 646. __ Q :909-- __ Q .'1 oo~= =5: 0 52.~: =:~o. 9 81. ----
.·'------'.::.C.....~-~ _o·:Ho _____ 4:R3;' __ .. o:·a47 .... ..... o:Ho ..... _ _:_6:66~ ... __ 0,934 . _ 
•--..,-------.,-· __ o·:, eo _ ___ 5: A92 ____ o. 79 6 ____ , __ 0 •. 1 p,o_ .. _8 .o 6 ~·-- _ o. RBII .......... . 
~-'-c.:_...c.c..~---l--·o·:z2o ___ 6~e2t_. - .... 0 •. ?45 _____ 0.220 .. ___ 9:2811 __ .0,831 . ___ _ 
o'260 ,-~,3 0 '696 0"260 10 337 . 0 763 
.. ,,..,.,-~----.- ___ ......... --- ---·,',;·-··-··:;--- -- -• . -------- ··-·· . -- ----- ------·- - ---------- -------• . --------
. . .. o.:>oo ... _.a.·n.•. _______ 0,646 __ .o.3oo.. .... 11.232 .. ____ 0,689 ...... --
o""34o i\'o44 o ·595 0,340 11 9R~· o 613 1--.•.. ··"""' ..... ...,.--, .•.- .. ---- ----.~ ·· · ---· --i~ --- ... ----~ · --- -----"··a··-- -· · · · ··-- ----· ·· 5 · · ·-·-
.,:....:..::..'"'-C. ___ _:__ _.o, :S 8 ll .. ___ . l. 6 L ____ .0 • 54 3 __ ---· 0 • 3 0 . ..J 2 • 6 2 3. .. .. 0 , 3 2 . 
~---:---,...-~--:- ...... 0 ~'420 ..... ___ ,_: s:<Ojl ___ 0 ." 492 _____ Q :4?.0 ... __ t:L 14R _ .. -0, 445 
~--··.·•..c.··--··-·-··~,,''_ 1__o_;46o ____ 'LL7r._4_. ____ o."44o ___ ... o:460 ___ _ n:5n ___ o,352 ... 
L_ ______ ... o.soo .. - ..... 1L.~64 __ o;3R8 ....... __ o,soo __ ... U.92L .. ·- o.253 .. 
•·:·,.. . .. .. 8 . . . 
!--:---"···,_. --~-- .... 1\.Sl.l\-- .. Hl.RO- --0.335. .... 0.540 ... 14.196 ........ 0.149 
~--:-------t-O;SBo. ___ t.LooL _____ o,2B2 __ o·:sl\o __ .. 14:407 ... __ o.o38 __ p:..: · .. · ... o:·,2o ___ tL.1:i~_ .. _o.229 ___ ... o:Mo ___ .... .14. 568 ____ o.ooo 
~-,.-----,--·- _ .. o:'66o_. ___ t.L.7 !:L ... __ o .176.._ .... o. 6110 ___ , 4:685 .... ___ o. ooo 
• ' . "7 .... ~ 22 ·'.. . 1--:-'"--'-~'-----1_(), .. {l(l __ 'lL.3)., __ 0 .1 ·-- ___ v. 70L ... _14. 769' .. - _ 0, 000 ... 
b-:c---·,--- -O ~-7 40 _____ ,_Lt.12 .. __ __o. o68 _____ o·:740.-- 14. 82 s _______ o. oco 
.:.:..:.:..:c.;..,•·-· -'-----'-" .. o·:7Ro.- ... 1L45?. _____ 0.014 ...... o:7JlO __ .... 14.861 .. __ Q,OCIO ..... . 
1------'--1 J~ ~ (_0_. _1j__"_4]'2_ ._0_, 0 Q 0___ __o_. 8 2 Q__ _t4 ,_8 8 i'__. --- 0 • 0 0 0 __ 
... ', · .. · ·····: ' ·· .. · '· ······'' 
·.··.· 
. 
.·· ... HFA!L VORTEX ..... 
·····- - ·~- . ----- .. 
~:'·~·-··-"-··_,_.-"·-'-· ··-"'-1. ------ JJ/U~1AX __ ALPHA_ U/UMAX FLOW .... %01 __ ----· 
--- - -
L .. :..::...c...-...:.c..c-"-1-.t NNER .. o_ s 836 __ t~•;t..Ot.. _o:ous. ___ o::u---1----'-
r ,'·.· ·. · ... 
rL.· ..C.C..-"--'------'-------'--·--··_..__c::-·-----------·----------~---··----
PF~FORMANCE UP TO HEAn ;..:::_'":.'_'":.'_ ______ ~~~-~~-·--._-_-_-_-_-_-_-_-____ -_-:_·---. ;~~!::::~::~~::~~~:::::.-~:::i::::~...,....-.., -·-······-··-· ---· 
HFAD VORTEX. 
----------- ···--···--------
--'-----------
. 
c------· ......... . 
I _I'HlF.R ·• . o·:~o;>S_ .. 
....... LOSS _ 
.. 1-3 
o·'1risR ·· 
. .. . . . .. 
0,0832 
0,03Q7 
... 
... 
INDUCED 
LOSS COEFF. 
... 
. 
··--------·--
-------------
-------------4 
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Fig. A4-4 METHOD OF ANALYSING PERFORMANCE CONTOUR MAPS (PROGRAM P3) 
(Sample data for Overall Loss Coefficient, Diffuser 3) 
401.---.----r----r----; 
LEAST SQUARES 
PARABOLIC CURVE FITS 
FOR CONSTANT 
DUMP GAP LINES 
1~o 50 60 70 
Q,IQtl• 
80 
INTERPOLATE AND FIT CURVES 
OF ~ c 
A1-,= - 1 tC2.(D/~) tC3 
T D/h2. 
AT SMALL 
INTERVALS OF Q/Q1• 
etc. 
~ 3( 
--+---'A% , ... 
20 
\NTERVAL 
1~~owu~50~~~60~~7~0~~s~o 
0/0{/o 
IIITERPOLATE FOR VALUES OF D/h2 
AND Q jQ1 AT REQUIRED VALUES ~ 0 
OF ~-4 FOR CONTOURS. 
USE LOGIC SUBROUTINES TO LINK POINTS 
TO FORM CONTOURS AND PLOT. 
t 
SA}WLE OUTPUT (points linked by straight 
lines - curves optional) 
(~) 
0·6 
0 
0·2 
0 
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APPENDIX 5. 
PRE-DI FFUSER OUTLET FROFILES 
Fig. A 5-1 PRE-DIFFUSER OUTLET VELOCITY PROFILES 
FOR 'CT' TESTS. 
' ' 
i ' 
I i 
8.><,~~l~··f:tl+i-S:-i1;__._I, t-+S-;8-'-:=s:Tttl~~,-G ...... --t=.:: • ' I i :-. fr::.':";L0 ·r~ . , , • I ' ~t~-:r -l-~ ' 
...!.l-H- +r'-L -, '-!-:.. '-· ~B: l:)R ~: -_ +-- . ~ -~ -·- . 
-Lf· -L h--1-+- i +1-l- ,_.,_ -~ .... ':,.' --· ~--~ ~ L -~ ----ri-H-n-H-
_l-J ·r·c~--'-'- · .• ~.I -- - -- •· - .. ~- ' 
' I ' ' ' ' ; . ; ' ' 
, r -,,, LL ..L.' 
.T 
.L 
U_ 
' ' 
0·6 
0 0·2 0·4 0·6 0-B 
WALL-Ytlh;a 
1·0 
N-D DISTANCE FROM INNER 
(fr) 
0·8 
0·6 
0·2 
0 
(~) 
1·0 
0•8 
06 
0·4 
0·2 
0 
1· 
OB 
0-6 
0 
-205-
Fig.A5-2 PRE-DIFFUSER OUTLET VELOCITY PROFILES 
FOR ''CT" TESTS. 
; ' I 
--:-;--+- ' ' 
I I 
. ... . . -::>a.~, ·. '-'.  _J_ 
I ' h o o ' I 
l i ;--; . • . ·- I , 
-~ 
I .~ -\;,-
/-. I r 2034/CTi · ~ · 
, ; I ' -·~~n-it 
I ' I 
; .LLL ·.\.. I tTT> I • • 
'''X i ,. 
' I 
~-
- .' ' ' ~ _,..... 
jl•: 't I,~-· 
~·~ z·-'o5 .ztc.-r: · · -+--;-
~· 
' 
"-(_;I ;-r • 
. (N '--'- -i-+- -++ . 
! i IT I • 
I ' ' 
._I_ ..... +1--H ' . 0·8 
.. L 
I 
+H- ' I I 
' 
I 
I 
-'-• ~,+ I ' -c-; 
7!. 
f-
~ 
! +. r. 
-·~7 . + 
;0 :.. Z: 08217CL 
' I 
I ' 
.-·-r:--t; 11 
I ' 
d:: 
' ' T++f+-
r·t-1-t-
0 
0 02 0·6 08 1•0 
N-D DISTANCE FROM INNER WALL- Ytlha 
1·0 
(~) 
O·B 
0•6 
0 
. (~} 
1·0 
(~) 
. 0·8 
. 0·6 
0·4 
0·2 
0 
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Fig.A5-3 PRE-DIFFUSER OUTLET VELOCITY PROFILES 
FOR "CT'' TESTS. 
08 ' 
' ' 
' EJ, 'I 
--;£·-' j:r I 1 
• --r-r ' 
.. 
0 
r ; ' , 
I I ; 
I 
. +H 
. !iT. 
' 
' ' 
' 
' ' 
' ' ' I L-t- ''-----+.-
! NOTE~ DATA.·FOR. ,TEST 4-0422/q- -;:~~~ 
, IS GIVEN IN .. FIG; 4-2-1r-:-.; 1 LJ _ 
'' : . ITT\i m, 
-r-
I • 
1·0 
0•2 0•4 0·6 0·8 1•0 
N-D DISTANCE FROM INNER WALL->tfh2 
0·4 
0·2 
0 
tm 
0.8 
0.6 
0.1 
0.2 
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Fig.A5-4 
PRE-DIFFU5ER OUTLET PROFILES 
FOR TEST SERIES 1-0.5 
KEY 
8 S= 0. 70 
[IS= 1.42 
1J S= 1. 75 
m S=2.20 
o S=3.23 · 
' 
.] 
I O.OL-------~------~~----~L-------J-------~ 
0.0 0.2 0.1 0.6 0.8 1.0 
0.6 
CpL!JCRL 
0.2 
0.0~~~------~------~-------LI--------~~--~~ 
0.0 0.2 0.4 0.6 0.8 LO 
!'J-0 D IST:=I!'JCE FROM I NNC:R W'1LL - ';1-l/hz. 
~--. .;!'.-
I 
., 
I 
I 
({}) 
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Fig.A5-5 
PAE-DIFFUSEA OUTLET PROFILES 
FOA TEST SERIES 1-1.0 
.. 
0.0~------~------~------~------~------~ 
,., ,., 
.... -.~ 
o.o 
0.2 0.1 0.6 0.8 
0.2 0.1 0.6 0.8 
N-0 DISTANCE FRO~ INNEA WRLL - Yilh, 
1.0 
1. 0 
\ ' f'. 
I 
-. 
(tt) 
0.8 
0.6 
0.4 
·0.2 
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Fig.A5-6 
. PRE-DlFFUSER OUTLET PROFILES 
FOR TEST SERIES 1-2.0 
KEY 
EJ s~o. 79 
(J s~ 1. 61 
ll S= 3. 40 
o.aL-------~------~------~-------L------~ 
O.G 0.2 0.4 0.6 0.8 1. 0 
I I I I 
0.6 1- -
0.2 1- -
I I O.GL-----~~------~------~-------L------~ 
0.0 0.2 0.4 0.6 0.8 1.0 
N-0 DISTANCE FROM INNE9 WRLL - Ytlh2 
;. ! 
·.1 
! 
----------__,.-----------:-------------! 
(~) 
0.8 
0.6 
0.1 
0.2 
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Fig. A 5-7 ·. 
PRE-01FFUSER OUTLET PROFILES 
FOR TEST SERIES Z-0.5 
··.· 
KEY 
G s~o.s2 
[J 8=1.19 
11 s~ 1. 71 
19 8~2.18 
o.o~----~------~------~-------L-----~ 
0.0 0.2 0.1 0.6 0.8 1 r• .u 
0.6 
CplOCAL 
0.4 
0.2 
o.o~------~-----~----~-----~----~ 
0.0 0.2 0.1 0.6 0.8 1.0 
N-0 OlSTRNCE FROM INNER WALL - YJh2. 
. ·. . '! 
--------------------------------------------------------- ' 
(i}) 
0.8 
0.6 
0.1 
0.2 
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Fig. A 5-8 
PRE-OIFFUSER OUTLET PROFILES 
FOR TEST SERIES 2-0,8 
KEY 
El S=0.82 
rJ S= 1. 20 
I!] s; 1. s1 
l!l S=2.12 
G.OL-----~------~-------L------~----~ 
0.0 0.2 0.4 0.6 0.6 1.0 
0.6 
0.1 
0.2 
O.OL-----~-------L~-----L------~----~ 
0.0 0.2 0.1 0.6 0.8 1.0 
N-0 DlSTRNCE F'ROM INNER WALL - ~Ihz 
0.8 
m) 
0.6 
0.-;J 
0.2 
0 ,... 
•'-' O.G 
0.6 1-
CpLOCRL 
O.'i El 
0.2 ~ 
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Fig.A5-9 
PRE-OIFFUSER OUTLET PROFILES 
FOR TEST SERIES 2-1.5 
0.2 
I 
r:J ~ 
KEY 
El 8=0.88 
[J S= !. -;17 
[! 8=2.30 
0.4 
I 
CJ 
0.6 
I 
0.8 1 ,... .v 
I 
-
>" " '"' 
...,· 
IU 
-
I I O.OL-------~------~------~~------~------~ 
0.0 0.2 0.4 0.6 0.8 !.0 
N-0 DISTRNCE FRG~ INNER WRLL - Y/h2. 
((r) 
0.8 
0.6 
0.4 
0 " .c.. 
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Fi g.A5-10 
PRE-DIFFUSER OUTLET PROFILES 
FOA TEST SERIES 4-0.4 
KEY 
8S"0.63 
EJ s~ 1. 19 
(] 3~!. 77 
Ill S: 2. 26 
0.0~~----~------~------~------~------;E 
" ~. 
'-'•'-' 
0.6 
0.4 
" .~ 
'-'•<-
[ ·1 
0.2 0.4 0.6 0.0 1 r• .v 
O.GL-------~------~------~------~------~ 
0.0 0.2 0.4 0.6· 0.8 1.0 
. . '.: 
(fr) 
0.8 
0.6 
0.4 
0.2 
0.0 
o.o 
0.6 
0.2 
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Fig.A 5-11 
PRE-DIFFUSER OUTLET PROFILES 
FOR TEST SERIES 4-0.7 
0.2 
KEY 
El S'-'0. 78 
!J S"' 1. !3 
ll S: !. 78 
1!1 S: 2. 27 
0.4 0.6 0.8 1.0 
O.OL-------~--~--~~-----L------~------~ 
0. 0 . 0. 2 .. 0. 4 o. 6 0. 8 1. 0 
N-0 DISTRNCE FROM. INNER WRLL - YJh2 
·..- .· 
0.0 
m) 
0.6 
0.1 
0 '"' . •'-
0.0 
0.0 
0.6 -
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F;i g.A5-12 
PRE-DIFFUSER OUTLET PROFILES 
FOR TEST SERIES 4-1.2 
0 ,.,. 
·"-
I 
KEY 
8 8=0.87 
[I S= 1. 27 
RJ s~2.1s 
0.1 
I 
0.6 
I 
0.8 1. 0 
I 
-
CpLCmL 
. .. 
~ 
~ " '~ ~J 0.1• . ~~ .~ "' .. ~ l.:J 
"' 
u. 
0.2 - -
I I O.OL-------~------~~----~~------~------~ 
o. 0 0. 2 0. 4 0. 6 0. 8 1. 0 
N-0 DISTANCE fROM INNER WRLL - ~/h2 
.· ' 
(~J 
0.8 
0.6 
0.1 
0.2 
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Fig.A5-13 
PRE-DIFFUSER OUTLET PROFILES 
FOR TEST SERIES 5-0.5 
KEY 
El s~1.s1 
[I S= 1. 79 
ll 3= 2. 22 
IS 3=3.22 
O.OL-------~------~--------L-------~------_J 
0.0 0.2 0.1 
0.6 
0.6 0.8 1 r, .u 
CpLOCRL 
0.2 
0.0~------~------~------~~------~------~ 
0.0 0.2 0.1 0.6 0.8 1.0 
N-0 D1STCINCE F90M INNeR WRLL - Ytfhz. 
(~) 
0.8 
0.6 
0.4 
0 
" •'-
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Fig. A5-14 
PAE-DIFFUSER OUTLET PROFILES 
FOR TEST SfRIES 5-0,8 
KEY 
El S=1.2G 
11 S= 1.69 
u s~2.21 
m s~ 3. 24 
0.0~------~------~--------L-------~------_J 
0.0 0.2 0.1 0.6 0.8 1. 0 
0.6 
I 0.0~------~------~------~~------~------~ 
0.0 0.2 0.1 0.6 
N-0 DISTANCE F'ROM INNER WALL -
0.8 
Yi/h2. 
1. (i 
-------------------------------------------------------------------1 
(fr) 
o.a 
f 
0.6 
0.2 
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Fig.A5-15 
PRE-OIFFUSER OUTLET PROFILES 
FOR TEST SERIES 5-1,5 
KEY 
G S= 1. 11 
J:J S= 1. 77 
ll 5=2.94 
o.o~------~------~------~~------J--------8 
O.D 0.2 0.4. 0.6 0.8 1.0 
0.6 
0.0~------~------~------~~------J_------~ 
0.0 0.2 0.4 0.6 0.8 1.0 
N-D 01STC1NCE FAOM INNcP, WRLL YJh2 
" 
I 
-. "I 
I 
'I 
I 
I 
'I 
I 
I 
I 
. ' 
CJ 
z 
a: 
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APPENDIX 6. 
Fi g.A6-1. 
HERD STRT I C PRESSL!AE R"JO VE".LOC ITY PROFILES 
FOR TEST SER 1 ES 2 -O 5. 
UH/Ul =0. 678 
S/S 
I 
UH/U1=0.875 
S/S 
I 
UH/Ul=l.C30 
S/S 
I 
UH/Ul ~1. 245 
1!1-------5" /S 
0.8 
- 0.6 -
~ c. 4 -
0 
- 0.6 -
-- 0.1 -
- 0.2 
0.8 
- 0.6 -
- 0.4 
0 
0.8 -
- 0.6 -
- G.4 -
S/S 
I 
8/8 
I 
518 
I 
I 
UH/Ul ~1 • 182 
UH/U 1 =0. 965 
UH/Ul :D. BOO 
0 0,6 0,4 0,2 v V 0,2 0,4 0,6 0.8 
N-0 DISTANCE fROM HERD - YH/h3 
TEST 
No. 
1.0 
~ 
Lf) 
N 
l.f) 
0 
I 
·N 
t.n 
.--< 
l.{) 
C) 
c!J 
.N 
...... 
If) 
Cl 
I 
.N 
CO 
0 
l.i'l 
C) 
~ 
• 
~ 
!11 
-J 
0... 
u 
~o 
[J 
ri 1 
~z 
x8 a:,__ 
::E:~ 
::J 
....... ~ 
::Jo:: 
I:;; 
,_.. 
>--o 
L-
,_., . 
L>cu os 
__J -·; llJ~I") 
>w 
Da: 
I(L 
zo 
I 
z 
Cl 
z. 
a: 
1.0 
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Fig.A6-2. 
HEAD STATIC PRESSURE A~D V6LOCr·ry PROFILES 
F09 TEST SERIES 2-15. 
' . 
1.0. 
UH/Ul '-0. 627 UH/U 1 =Cl. 850 
8/8 0.8 - 8/8 
I I 
I 
-· 0.6 - ~ 
- 0.1 -
0.2 
0 
1. 8 
UH/Ulo£l.844 UH/U1=0.912 
8/8 0.8 S!S 
I I 
-· 8.6 ·-
- 0.1 -
~- G.2 -
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1 • [i 
UH/U I<(). 993 UH/UloD.8!9 
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I I • 
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Fig. A 6- 3. 
HERD STATIC PRESSURE AND VELOCITY PROFILES 
FOR TEST SERIES 3-04. 
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. Fig.A6-4. 
HERD STATIC PRESSURE RNO VELOCITY PROFILES 
FOR TEST SERIES 3-07. 
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Fig. A6-5. 
HERQ STRT I C PRE:;suRE RNO VE-LOCITY PROFILES 
FOA TEST 5EAIES 3-12 . 
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Fig. A6-6. 
HERD STATIC PRESSURE AND VELOCITY PROFILES 
FOR TEST SERIES 4-04. 
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Fig.A6-7. 
HERD STATIC PRESSURE RND.VELOCITY PRGFfLES 
FOA TEST SERIES 4-0 7. 
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Fig.A6-8. 
HER D STRTIC PRESSURE AND VELOCITY-PROFILES 
FOR TEST SERIES 5-05. 
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. Fig.A6-9. 
HERD STRTIC PRESSURE AND VELOCITY PROFILES 
F'Ofl TEST 5EAIES 5"'0 8 . 
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Fi g.A6-10. 
HERD STClTIC PRESSuRE ~lNO VELOCITY PROFILES 
fOR lEST 5EA I ES 5-15. 
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APPENDIX 7. 
Fig.A~1 SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 1-0.5 
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Fig. A7-2 GETTLI NG LENGTH VELOCITY PROFILES 
FOR TEST SERIES 1-1.0 
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Fi~A7-3 SETTLING LENGTH VELOCITY PROFILES 
FOA TEST SERIES 1-2.0 
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F'rg.A7-4 SETTLING LENGT~ VELOCITY PROFILES 
FOR TEST SERIES 2-0,5 
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Fig.A 7-5 SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 2-0.8 
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Fig.A7-6 SETTLING LENGTH VELOCITY PROFILES 
fOR TEST SERIES 2-1.5 
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FigA7-7 SETTLING LENGTH VELOCITY PROFILES 
_J FOR TEST SERIES 4-0.4 
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Fiq.A7-8 SFTTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 4-0.7 
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Fig.A7-9 SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 4-1.2 
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Fig A7-'"10 SETTLING LENGTH VELOCITY PfiOFI LES 
FOR TEST SERIES 5-0.5 
INNER ANNULUS. (u/U) OUTER ANNULUS. 
1. 0 
0.9 
5=3. 22 5=3.22 
0.8 
'\ 7 
I. 0 
o. ~3 
2.22 () .. ,2 
'-•'-
0.8 
o. 7 }. 0 
0.9 
1. 79 1. 79 
0.8 
".7 
}. (I 
0.9 
1.31 1. 31 
0.!3 
0. 7 
0.6 
/ 0.5 
0.5 1.0 0 0.5 
N-0 DISTANCE FROM INNER h/RLL - Y;/h4 
.. 
.. 
. 
X 
a: 
:::>::: 
:::J 
...... 
:::J 
:r-
!--
....... 
(_) 
0 
_J 
l!.J 
> 
D 
I. 
z 
1.0 
-239-
. Fig.A7-11 SETTLING LENGTH VELOCiTY PROFILES 
FOR TEST SERIES 5-0.8 
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Fig.A7-12 SETTLING LENGTH VELOCITY Pf-10FILES 
FOR TEST SEAIES 5-1.5 
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APPENDIX 8. 
COMBUSTION CHAMBER STATIC PRESSURE DISTRIBUTIONS 
Fig.A8-1 KEY TO STATIC PRESSURE DISTRIBUTION PLOTS. 
KEY TO FL\)W SPLITS 
FOR EACH CURVE 
I 
• 
I 
• I 
INCREASING 
SHIFT OF STAGNATION POINT 
WITH FLOW SPLIT 
' 
• 
• 
• 
• 
• 
1. 5 
o.o 
• 
• 
• 
• 
INCREASING ' -0.5 
: FLOW SPLIT : 
: I ' ~
I 1 DIFFUSION 
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Fig. A8-2 
'COMBUSTION CHqMBER' STRTIC PRESSURE 
DISTRIBUTIONS F"OR DIFFUSER 1 
N-0 DUMP GRP: 0.5 
El s~o. 70 !! 3= 1.<!2 [) s~ 1. 75 m s~ 2.20 
~ 3~3.23 
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Fig.AB-3 
'COMBUGTIO~ CH~MGER' STRTIC PRESSURE 
DJSTRI5UTI0~3 FOR DIFFUSER 2 
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Fig.A8-5 
'COMBUSTION CHAMBER' STRTIC PRESSURE 
DISTRIBUTIONS FOR QIFFUSER 4 
N-0 DUMP GRP: 0. 4 
B S=O.B3 rl 3=1.i9 
ll 3= 1. 77 11 S·~ 2. 25 
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Table A9-1 BOUNDARY LAYER AND VELOCITY PROFILE PARAMETERS. 
DIFFUSER 1 ,AR=1·4,21>=12~ 
PRE:-DIFFUSER OUTLET SETTLING 
INNER B-L OUTER B-L VELOCITY PROFILE INNER 
TEST No. s;:'·h; H2! - ~2! 5~ "/oh~ 0 . H.a. Olzo RD2 ("fr)z 0<:2 @4-t RD4t 
1•0507/A 2. 1 6 1 • 227 1 • 0 21 11 • 48 1. 604 1.152 ·0.68 0.853 1 • 098 0.9'46 0.18 
1 •051 4/CT 6.44 1 . 280 1. 041 4.05 1.260 1. 036 0.23 0.898 1 • 039 0.954 -o. o9· 
1 -0517/CT 12.12 1 . 519 1 • 117 1 • 68 1,266 1 • 022 0,76 0.874 1 • 075 0,9'33 -0.48 
1•0521/CT 16.43 1.674 1 ,175 1 .1 5 1.255 1 • 0 21 0.8'7 0,841 1.1<'6 n.~~6 •0,54 
1 .. 0532/A 21.119• 2.101· 1 • 351 1. ~4 1~300 1. 027' 0,88 o. 791 1,233 0. 91 t\ ·0.63 
1•1013/CT 10.'10 1. 645 1 .163 9,60 1, 641 1 .164 0.04 0.801) 1., 64 03'32 -o. ss 
1•1017/CT , 2. ~ 7 1.758 1. 206 8,25 1,574 1,138 0. 21 0,797 1 ,173 0.896 ·0.66 
1•1025/CT 17.90 2. 096 1. 362 5.60 1 • 41 1 1 • 078 0.52 0. 779 1 • 222 0.~12 •0.63 
' 1 •2007!A 9'. '18 1.609 1,145 12.81 1. 913 1. 282 ·0.15 0.7'74 1 • 21 7 0. ;~, 1 0.57 
1•2016/A 12.n6 1.767 1 • 208 10.11 1, 690 1 ,188 0. 09• 0.781 1 ,1 <>8 11.9~2- ·0.52 
1•2033/A 16.1)2' 2.089 1,346 6.86 1, 470 1.103 0.42 0.174 1.2:!9 0.9~8 ·0.48 
. ' 
~~------~------------~----------------------------------~----~--~--- --~ 
LENGTHS 
OUTER 
@4-. RD4o 
0. 919• 0,71 
0. 9 4 6· 0. 1.4 
0,951· 0,31 
0. 95 6· •0.03 
0,950 •0.32 
0.9!1 .. 0,48 
0. 9•38. 0. 39' 
0,9·53' •0 ,14-
0. 91 2' 0,62 
0,957 0. 1 6 
0. 9•30 •0,42 
--
l> 
-o 
""0· , 
z 
0 
x 
<.0 
gs 
c 
z 
~ 
~ 
~ , 
JJ 
l>l zl\) 
0~ 
<I , 
5 
n 
:<! 
'lJ 
;JJ 
0 
2l 
r , 
'lJ )> 
PJ d ~ 
CT 1"11 
~ -l (J) 
I 
l> ITI 
<.0 ;JJ 
U1 
------------------------~----------- -
Table A9-2 BOUNDARY LAYER AND VELOCITY PROFILE PARAMETERS. 
DIFFUSER 2 ,AR::1·6,21l=12~ 
. 
PRE- DIFFUSER OUTLET SETTLING LENGTHS 
INNER B-L OUTER B-L VELOCITY PROFILE INNER OUTER 
TEST No. s~,·loh .. · H:!L - "':!t s~ "'oh~ Hz. otz. RD~ (t-) .. o.:._ @4-L RD4i. (~)4. RD4o 0 . 
2,. 0508/A 4.42 1 • 255 1. 035 14.26 1.883 1.277 .. 0.53 0.801 1 • , '71 0. ~~2 0.45 0.918 0.57 
2•051 1/CT 1 0. 1 1 1 . 488 1'.111 8 .19• 1 • 516 1.120 0.10 0.819 1., 5 0.964 0 .14· 0. 9·36· 0.45 
2•0517/A 16.P.O 1.858 1.262 5.17 1. 365 1.067 0.53 0.79S 1 • , 71 0. 9'44 .. 0.36 0. 9·5 6 .. 0.07 
2•0524/A ?4.68 2.498 1.546 3.26 1.277 1.040 o. 77 0.'748 1. 322 n.~'3~ •0.53 0.942 oo(),43 
2• 0808/A 8. 1 5 1. 485 1.107 17,22 2,312 1. 496 .. 0.36 0.735 .1.3n.'7 0. ~18 0.47 0. 9•22 0,65 
2•0812/CT 12.94 1. '781 1. 229 12.84 1. 922 1,297 0.00 0.'742 1 • 26!1 0.~~5 0.:52 0. 9•3 6 ,, 48 
2"0815/A 17'.92 2.050 1. 349 8,67 1 • 6t'l4 1~17'9· 0,35 0.746 1. 269' o.~so .. 0.33. 0. 942. 0,54 
2• OS211CT 21 • 93 ?..425 1. 538 7.42 1. 531 1 ,126 0. 49• 0,?'25 1.329' 0,9(31 -0.48 0,9·31· .. 0.45 
2,.1508/A 1 2. ~7' 1 • '791 1. 233 15.31 2.172 1. 419· •0.11 0. 71 9· 1. 331 0,9'21 0. 59• 0. 889• 0,64 
2,.1 514/A 1 7. 48 ?..194 1,410 11.77 1,876 1. 279• 0,20 0.715 1. 344 o.~so·-0.37 0.955 .. o.u 
2•1 523/A 21.118 2.622 1. 596 9. 18 1.676 1.189· 0.41 0.706 1. 39 5 n.~'30 .. 0.53 0.893 •0. 69' 
. 
I 
1\) 
A 
(J) 
I 
Table A9-3 BOUNDARY LAYER AND VELOCITY PROFILE PARAMETERS. 
DIFFUSER 3 ,AR= 1·8,21/>=12~ 
?RE-DIFFUSER OUTLET SETTLING 
INNER B-L . OUTER B-L VELOCITY PROFILE INNER 
TEST No. 5;.-/.h .. · H:, ~ 0(1. s~ .,.h:. H:. <><z. RD2. @~. <X :I. @4t RD4L 0 . 
3• 04 08/A 4. 98 1.263 1. 039 16,69 2.064 1.370 .. 0.54 0.766 1 • 2 3, 0. ~'3 6 0.42 
3•0412/CT 11 . 0 2 1 • 576 1.147 9.96 1.662 1 ,182 0. 09• 0.784 1.165 0. ~59• -o. o9· 
~- 0416/A 21. 1!2 2.122 1. 403 s. 77 1,428 1. 089· 0.58 0,747 1. 2'17 0.9!32 •0.52 
3• 0423/A 31 . 49• 3.110 , • 864 3.66 1.304 1 • 050 0. 79• 0. 689· 1 • 523 0. ~18 -o. 61 
3•0?07/A !1.05 1 • 581 1.151 20.65' 2,7<!3 1. 687' ·0.40 0.687 1 • 462 0. ~~ 2 0.55 
3•0711/CT 14.n7 1 . 899 1. 282 16.30 2.261 , • 48Q• •0.0'7 0,69'! 1.31!6 n'. 957 0. 15 
3•0718/A 26.44 3. 019' 1. 831 9. 21' 1,730 1. 213 0.48 0,668 1.5~7 0,926 •0.~6 
3•072UA 30. l6 . 3.383 2,053 7.09 1. 569• 1.142 0.62 0. 6 59· 1 • 5 Q•3 0. 923 •0. 59• 
3•1 208/A 12.'18 1.846 1,265 20.24 2.719 1. '719• -0.24 0.662 1 • 5, 4 0.901 0.62 
3•1213/A 19'.'16 2.406 1,535 14.66 2.210 1.448 0.14 0,66'7 1. 489 0.9'61 . -0.15 
3•1223/A '2'7.78 3.239 1.944 9.85 1. 7'75 1 • 2 3 ?' 0.48 0.65(1 1,SQ4 0.~'22 -0.66 
LENGTHS 
OUTER 
@~.. RD4o 
0.913 0,63 
0.940 0,47 
0,950 •0,13 
0.9·35' -0.43 
0.926 0.61 
0. 9·29• 0,57 
0,940 .. 0.1.2 
0.908 •0,56 
0.008 0,68 
0.960 0.33 
0.876 •0.'1'3 
I 
~ 
lD 
I 
Table A9-4 BOUNDARY LAYER AND VELOCITY PROFILE PARAMETERS. 
DIFFUSER 4 ,AR=1·8,29'>=18° 
PRE-DIFFUSER 0 U TLET SETTLING 
INNER B-L OUTER B-L VELOCITY PROFILE INNER 
. TEST No. s~.·,.:,.,. H2L .. "'1L s~ 'loh2. Hto o-:2.. RD~ @~ 0<:2. @4-t RD4t 0 . 
4•0408/A 4.6?. 1 • 311 1. 049 18.18 2.526 1. 534 •0. 59• 0.'752 1. 324 0. ~29· 0.48 
4•0411/A 12.86 . 1 • 71 4 1.203 , 1 • 01 1. 915 1.264 0.08 0.764 1. BS· 0. 953 0.20 
4• 0417/A z4.r;s ?. • 79 4 1,628 6., 2 1.5?.5 1~122 0.60 0.720 1 • 4111 tL ~13 t. •0.44 
4• 0422/CT ::!9'.113. ~.078 1.785 3.98 1,368 1".061! 0.?6 0.701 1 • 404 n. ~·29• •0.54 
4•0707/A 8.A2 1.573 1 .140 22.33 3.375 , ,963' •0.44 0. 671 1 • 5 81 0.9'07 0.53 
4•0711/CT 13. A2 ~.002 1 • 314 18.38 2,795 1 • '71 5 •0.14 0. 671 1. 521 0.9~4 0,40 
4•0'717/A 29'.A'7 3.876 2.21'7 9.20 1,788 1.2B 0.53 0.639· 1. 710 (), ~:38 •0,44 
4•0722/A 33.'54 4.142 2,373 7.10 1, 639 1., 67 0.65 0.632 1. ??7 0,9:33' •0.53 
4•1208/A 1 2. 11 1,908 1 • 279 22.26 3.300 1,982 •0.30 0.642 1. 6~2 0.895 0.66 
4•1212/A 21. ~4 2.983 1. 746 14.94 2,372 1,508 0.17 0,647 1. 619' 0.~56. 0.25 
4•1221/A 31 . 5, 4.073 2,304 9.50 1,830 1. 258 0.54 0.622 1,790 0.~!30 -0.58 
LENGTHS 
OUTER 
@4-. R04o 
0. 927 0,62 
0.943 0.44 
0. 9·5 5 0,?.3 
0.936· •0,39 
0.902. 0. 69· 
0. 9·26· 0.63 
0. 9 5 ?' 0,06 
0.920 •0,42 
0. 914 0,65 
0.921 0. 59· 
0.876 •0.73 
f 
1\) 
8 
I 
--------------------------------------------------------~~------------~--~-----
Table A9-5 BOUNDARY LAYER AND VELOCITY PROFILE PARAMETERS. 
DIFFUSER 5 ,AR::: 1-6, 29'>=11·3°(Canted) 
PRE-DIFFUSER OUTLET SETTLING LENGTHS 
INNER B-L OUTER B-l. VEl.OCI TY PROFILE INNER OUTER 
TEST No. s~:loh .. H2t ' 0(2t SZ "/oht H,_o o<:,_. RD~ (%\ .,.2. @4-t RD4t @4. RD4-o 0 . 
5•0513/A 8.~8 1.384 1.076 11 • 43 1. 781 1 • 230 •0 .14 0.796 , • 1 ~ 4 0. ~59• -o .15 0.956 0.27 
5•0517/A 14.48 1. 682 1 • 1 9 4 7.57 1,540 1 • , 28 0.31 0.788 1., 62 o. ~'37 •0.50 0.934 •0.~8 
5•0522/A 16. '19' 1.848 1.264 6,55 1,467 1 • 1 01 0.43 0. 781 1.1116 0. 9•31 •0.52 0.934 .. o.sz 
5"0532/CT · 22.,4 ?..255 1,447 4.20 1. 350 1,060 0.68 0.758 1. 2?3 0.~'36 •0. 49' 0.918 •0,56 
5•0812/A 9·. 77 1 • 546 1 ,132 15.9 3 2,259 1,457 •0.24 0,?35 1,29'6 0. ~53 0.15' 0,940• 0,47 
s- 01116/A 15. 0 6 1.811~ 1 • 279 12', 06 1, 923 1,291 0.11 0.732 1. 2115 0.937 •0.45 0. 9•36· •0.40 
5• 0822/A 17.1\? 2.126 1,383 9.50 1 • 7?.9' 1 • ?.0 6 0.30 0. 737 1. 295 0,9'31 -0.52 0.91? •0,60 
5•01'132/A 2?.46 2.437 1. 541 7 .09' 1,547 1 .131 0.52 0. 723 1.343 0,926 ·0.53 0. 910 •0,56 
50.1511/A 1 0. 0 Q• 1.643 1. 168 17.71 2,507 1 • 5 71 •0.28 0,712 1,3?8 o. ~·49• 0. 35 0,921' 0,60 
5•1517/A 14.n4 1.946 1,304 14.52 2,169 1,;,98 ~o.oz 0.714 1.355 0.~'34 · -o. ss 0.902 ~0.65 
. 
5•1 529/A 17.!,9· • <!.204 , • 403 11 • 18 1.901 1,?.84 0.23 0,719 1. 346 0.~'21 •0.60 0.862 ~o.68 
. 
'i 
' ' . 
'. ~. 
I 
1\) 
U1 
~ 
I 
' ' 
TableA10-l PERFORMANCE PARAMETERS-DIFFUSER 1 (AR=1·4,2~=12°} 
l> 
FLOW CONTINUITY OVERALL PERFORMANCE ?RE-DIFFUSER 
SPLIT CHECK ,. 
. f-4/o ... - - - - -TEST No. 5 A~•t.Q1 '.o~·t.Q, 1.,_4- c~4- c c~4-o AH c~2. ~ 'ez.% PftL 
'"'0 
'"'0 
rn 
z 
Cl 
-
1 •0507/A 0,705 4. 77 2. 93 0.390 O.OA9' 18. 1 1 .. 0.198 0.496 0.080 0,377 74.66 >< .... 
0 
1•0514/CT 1 • 417 •1 . 8, .. 0.04 0.409 0. 31 5 42.96 0.240 0.31\7 o.o53 0.433 85.76 
'"'0 
1• 051?'/CT 1.i'"i4 1 "49• 0.01 0,436 0.313 41.26 0.372 0. ?.'1'9' 0.03?'' .0.431 85,'.9' 
1•0521/CT 2. 1 Q9• "0 .15 4.12 0.478 0.278· 36.43 0.4]6· o.?.n7 0.046 0.397 78,56 
1•0532/A 3.2,7 2. 33 0,60 0,612 0.125' 16,85 0,457' 0.023 0" 1 ~~~ 0,252 49•, 83 
rn 
:::0 
a 
:::0 
3: I 
:p. r-> \)1 
z 
"' n I 
1•1013/CT 1. 3t'IO "0.00 2.51 0.247 0.4';8 63.96 o. 31 a. 0.51\6 0.03!1 0.387 76.50 rn 
1"1 017/CT 1 • 719' 0.07 .. 0.70 0.261 0.4!15' 64.17 0. 386· 0.543 o. o:n 0.387 76,52 ~ ::0 
:p. 
1•1025/CT 2.575 2. 62 ' •1. 05 0. 289· 0.463 60.92 0.420 0.480 0.080 ·0.315 62. 39• 3: rn 
1-2007/A o.7A7 2.65 1.14 0.257 0.274 50.09' 0.080 0.521 0.066· 0.332 65.76 
-l 
rn 
::0 
1•2016/A 1.642' 5.32 0,4?' 0.231 0.513 68,20 0.382 0. s 9•3 0.071· 0.337 66·, 60 U1 
- --
----- -
.--
1•2033/A 3.395 1. 94 0.03 0.239· 0,4Q<O 66,32 0.393 0. 519' 0. 0 57' 0.335 66.33 
,_,.,,: 
' 
. ' 
TableAl0-2 PERFORMANCE PARAMETERS-DIFFUSER 2 (AR=1·6,21>=l2°) 
FLON CONTINUITY OVERALL PERFORMANCE ?RE-DIFFUSER 
SPLIT CHECK 
"' -
~ ~ 
"' 
TEST No. s A~ Of·~ A~·t.a, \-+ CPft. ~4'· c CP4-o A ~-a c~> . ~4t 2. 
2•0508/A 0.820 3.58 3.01 0.317 0.236 41.72 .. 0.023 0,552 0. 089· 0. 469· 
z,. OS11/CT 1.199' 0.84 1. 08 0.275 0. 416 59', 58 0.278: 0,5'51 0.065 0. 51 4 
~-Ot;17/A 1 • 71 2 3. 17 0.01 0.303 0.441 59·.11 0. 3 9 8: 0.475 0.074 0.484 
2• 0')24/A 2.4115 4.00 2.67 0,372 0.3113' 50.26 0,451' '0,3')5 0.1 0~ 0.399·· 
2•0808/A 0. 1'.1 5 3.28 4.15 0,264 0,285 50.57 0,01.9' 0,575 0.096 0. 411 
2• 0'112/CT 1. 2(18 •Cl. 21' 1,98 0.226 0. 465' 66·, t..B 0.311· 0.504 0.053 0.470 
2• 0815/A 1.540 3.110 0.82 0,2:-i2 0. 50 6. 67,08 0,397' 0,577 0.064 0.458 
2• 0821/CT 2,1,2 2.33 1.16 0,243 o. 515 67,40 0,435 0.553 0.067'' 0.431· 
2"1508/A ('1,3'12 4.40 0.35 0.201 0.3114 64. 29' o. 214 0. 577 0.086 0.412 
2•1514/A 1.473 3.08 1 • ('17 o. 214 0. 519• 70.19 0.390 0,61)6 0.071 0.422 
. 
2"1523/A 2 •. 3n3 3.54 2.91 0.219 0. s 'Ho· 70.16 0.4H o. 580 0.070 0.404 
-
'ff.;?.% 
75.33 
82. 59< 
77',79' 
64.04 
65.~5 
75,53 
73,52 
69', 21.. 
66.'.1 
67.72 
64,83' 
I 
1\) 
U1 
·"" I 
TablE!>A10"-3 PERFORMANCE PARAMETERS -DI FFUSt:R 3 -(AR=1·8,20= 120J .. 
.... 
'FLON CONTINUITY OVERALL PERFORMANCE PRE-DIFFUSER 
SPl-IT CHECK ,.. 
-
'ff. 4/o ~ 
~ 
ilf-4. - :.\1-2 --TEST No. s 1:.~ OJ.Q, t:.~·J.Q, c~tr c CP4-o Cp , ~,.. 2. 
3•0408/A 0.8'.8 2.97 0.94 0.283 0.276 48,32 0.020 0.585 0. 077 0.557 
3•0412/CT 1 • 2~2 •0.24 1. 07 0.259• 0.444 62.43 0.296 0.561 0.064 0.59() 
3•0416/A 1. 61\9• 2.23 0,80 0.275 0 • 4 '71 62,55 0,404 0.512 0. 0 5 9• . 0.568 
3•0423/A 2.3'17' 0. 09· 0,79 0,321 0.4l6 57,11 0,452 0. 429' 0.06?'' 0.480 
3•0'707/A 0. '776 5.05 3,92 0,232 0,2;1~ 54,19 0. 0 59 1 0. 59·4 0.0711 0.487 
3•0711/CT 1 .1 ?4 0.87 1.80 0.202 0.483 69•, 69' 0.316 0.6::011 0.045 0.543 
3•0?'18/A 1. 81?'' 1 . 51. 4,16 0.218 0,5:55 70,40 0.421 0. 5 9·8 0.052 0,4\1•4 
3•0722/A 2.?.Q6 2.36 , 58 0.232 0.524 68,56 0. 441 0.560 0.068 . 0.458 
3•1208/A 1),8~6 4.78 3.02 0.233 0.326 56,77 0.114 0. 5.\H · 0.083 0.467 
3 .. 1 ?13/A , • 31.8 4. 22 1. 46 0,206 0,514 10. 69' o. 362; 0.62!1 0. 06?' 0.49{) 
3•1 :?23/A 2,3,3 2.63 0,39 0.198 o. 556· 72.78 0.453 ·0,6tJO 0.058 0.468 
-:-
-
'Zz.% 
79'.23 
83.90 
80. n· 
68,38 
69'.33' 
77.23 
70.25 
65.25 
66,43: 
69·. 72 
66,60 
I 
1\) 
IJl 
"" f 
TableA10-4. PERFORMANCE PARAMETERS-DIFFUSER 4 (AR=18,2q,=18°) · 
FLOW CONTINUITY OVERALL PERFORMANCE PRE-DIFFUSER 
SPLIT CHECK 
- - - -
-. - -t.~·t.Ql \-t,. c~4- 'f..4/o c c~ft.o AH c~ , TEST No. s t.~·t • .Q, ~4L 2. 
4• 0408/A o.B:t7 5.38 2,98 0.304 0.254 44,46 0.011' 0.546 0.096 0.510 
4• 01,11/A 1,11)4 3. 11 1. 30 0.254 0.436 62,48 0.279' 0.567 0.057 0.575 
4•0417/A 1 • 7~ 8 2.11 2.76 0.288 0.463 61 • 1 2 0.382 0.510 0.065 0. 51 9' 
4• 0422/CT 2.2~4 4. 1 6 2.76 0,330 0.4i18 55,97 0.402 0.4~9 0.10 ~ 0. 451 
4•0707/A o. 776 6. 79• 3.12 0.264 0.260· 48,12 0.054 0.5?.7 0. 1 1 4 0.416 
4-0711/CT 1 • 1 ~3 3.48 2.36 0.230 0. 44 4· 64,92 0.291' 0. 579· 0.078 0.470 
4-0717/A 1. 7'76 1. 08 1 • 53 0.238 0. 51 4 6 7. 71 . 0. 370 0. 5 9•4 0.060 0.432 
' 
4 .. 072 2/A 2.U.7 3.28 0,98 0.255 0.502 65,76 0,375 0. 55 9• 0.076 0.39~ 
4•1 208/A 0,81,5 5.94 3.68 0.256 0. 318 53.92 0,136 0,5,9· 0.103 0.405 
4-1212/A 1,21.6 5. 29· 1. 93 0.241 0.463 65,06 0.314 0.580 0. 079· 0,440 
4•1 ?21/A 2. 16 2 2.63 0.57 0.241 0.514 67.25 0.373 0. 5 79· 0.063 0.405 
-
'E.z.% 
72,63 
81 • 88 
73.86 
64. 21 
5 9•. 21 
66,i'O 
61'.4'1' 
56,33 
57,67 
62.!>3 
57. 59' 
I 
"' Ul Ul 
I 
. ·-
TEST No. 
5•0513/A 
5• 051'7/A 
5 .. 0522/A 
5• 0532/CT 
5•01112/A 
S•OIH 6/A 
5•01122/A 
5• 0832/A 
5"1511/A 
5•1517/A 
5oo1529/A 
/ 
.. 
. Tab!eA10-5 PERFORMANCE PARAMETERS-DIFFUSER 5(AR=16,21/l=11·3~Canted) 
FLOW CONTINUITY OVERALL PERFORMANCE PRE-DI FFUSER 
SPLIT CHECK ~ 
- -
~ 
- . -
s t.~"I.Q! t.Q4•/.Q1 \-4- c,.4- 'e4/o c c,.4-o AH~. c" , 
"''" 
l!. 
1. 310 4.22 0.23 0.270 0.442 61.48 0.252 0.586 0.066 0,503 
1. 7117 4.26 1. 45 0,267 0,485 63,95 0.384 0.542 0~067 0.500 
2.2,0 4.76 2.15 0.274 0.484 63,3'/' 0.432 o.sna 0.0'1'8 .0.480 
3.206 3.'71· 2,1 ?' 0. 309· 0.4~8 5'1',4'1' 0. 471 0. 41 5 0.,, 1 0.414 
1 • 2 01 4. 54 1 • 61 0. 229' 0. 461 66,03 0. 289• 0,605 0.082 0.434 
1 • 695 3.58 1.26 0.220 0.5~8 69,99 0;411' 0,598 0.074 0. 446. 
2.21.1 5.16 2.,, 0,219 0.538 70.35 0.450 0. 577 0.074 0.443 
3.2117 5.18 1 • 4 ?' 0. 229' 0.506 68.0'/' 0.4'71' 0.51'7 0. 091 . 0,409• 
1.1115 5. 09• 1. 42 0.228 0.441'1 65,04 0.270· 0. 5 Q•4 0.087 0. 399• 
1 • 7, ?'' 4.07 2,31 0.212 0. 5 ~~· 71. 09' 0. 41 9' 0,60'7 0. 069• 0.425 
2. 9'44 4.45 0,78 0.208 0.531 70,65 0,458 0.5'56 0.082 0. 416· 
. 
,._ 
'f./fo 
80.28 
79'. 7 6 
76·. 48 
66.01· 
69•, 27 
71 .18 
70.65 
65.1'7' 
63.65 
67,82 
66. 29' 
I 
N 
IJI 
en 
I 
• 
------- -----
